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ABSTRACT 
An Interre·gional Study of Kenya's Livestock 
Sector Using Linear Programming 
by 
Zakayo Joseph Mwangi, Master of Science 
Utah State University, 1981 
Major Professor : Herbert H. Fullerton 
Department: Agricultural Economics 
viii 
The major purpose of this study was to determine the least- cost 
method of producing red meat in Kenya. Linear programming was used in 
the study. A simulated reduction of grazing land available in one of 
the settlement areas was carried out to indicate what effect this had 
on the overall regional production pattern of meat in the country. 
Kenya was divided into eleven livestock producing and consuming 
regions. 1979 was used as the base year, and th.e demand projection 
was based on the 1979 population. Input and output coefficients, 
livestock unit requirements , and market prices were developed. A 
linear programming model was then used to generate the optimal produc -
tion and marketing of both cattle and small stock . 
( 116 pages) 
CHAPTER I 
INTRODUCTION 
The government of the Republic of Kenya has emphasized the devel -
opment of the livestock sector since 1963. Earlier, livestock develop-
ment was synonymous with either dairy improvement or commercial ranch 
establishments in the high potential areas leaving much of the tradi-
tional pastoral areas and systems unaffected. The Range Management 
Division within the Ministry of Agriculture was created in 19 63 to 
address problems concerning or relative to Kenyan rangelands. The live-
stock sector continues to att~ac~ government attention as evidenCed by 
the creation of a Ministry of Livestock Development in 1979. 
Kenya is primarily an agricultural country . The agricultural 
sector has contributed much towards the country ' s industrializa.tion. 
Most industries are concerned with food processing, paper and p rinting, 
textiles , beverages, wood products and furniture, footwear, and print -
ing. There are no known major mineral deposits. This heavy dependence 
on agriculture is despite the fact that less than 11 percent of Kenya's 
total land area receives more than 34 inches of rainfall and is classi-
fied as high potential for agricultural production. There is 5.5 per-
cent classified as medium potential, leaving more than 75 percent of the 
country suitable primarily for livestock grazing. 
Background of the Problem 
Beef production in Kenya has received much more emphasis in re-
cent years due to several factors . Average quality beef can be produced 
more cheaply by grazing. In the early years , the major concern was to 
make the pastoral people self- sufficient in food (meat/ milk) production 
and, thus, relieve the government of the costs of famine relief supply 
that were all too common during the 1960s . 
Several other factors emerged in the 1970s requiring much more 
emphasis on the developrnen~ of the rangelands . A rapid population 
growth together with rapidly increasing incomes cr eated a higher local 
demand for meat and other livestock products . Incomes of the neighbor-
ing oil-rich, Middle East Countries have also been rising rapidly , 
creating a market for eithef livestock or processed livestock products. 
The change in the life patterns of the European Economic Community , 
creating a demand for fast foods , has also meant a ready market for 
range- fed beef from disease-free zones. These export markets are not 
restricted to the Middle East and Europe only. Several rich African 
countries , e.g. , Libya , Nigeria, Egypt , etc., indicate large future 
projected import demand of livestock products. 
In the past , most of the Kenyan beef has been consumed in the 
areas it is produced. As a resul t , most of the urban beef supply orig-
inated mainly from the large commercial ranches in the former "white 
highlands. " The g r owi ng scarcity of arable land has resulted in either 
government resettlement of Kenyans or the purchase of these commercial 
ag r icultural enterprises. The end result has been subdivision of the 
fanns into units far too small for beef production . 
The above developments have resulted, therefore , in a greater 
emp hasis on range development as well as calling for better veterinary 
and animal husbandry practices in all livestock-producing zones of the 
country. 
The Kenyan economy, the population pressure, and the world live-
stock markets are, therefore, shifting production of different agricul-
tural products to a r eas where they have a comparative advantage. These 
advantages or disadvantages of regions in growing specific products re -
sult from differences in such factors or resources as water, climate, 
soil fertility, human labor , capital requirements, distances to markets , 
and similar production inputs. 
Problem and Purpose of Study 
One of Kenya •s livestock problems is how to make the livestock 
operators in the major pastoral areas produce for the market . Grazing 
provides the major feed input in livestock production since production 
of grains is limited to human consumption or to exports where the market 
price is higher. Failures in the country•s feedlot enterprises have 
occurred as a result of high feed costs. 
In order to examine the pastoral areas that have comparative 
advantage in converting forage to beef for the market , a suitable model 
was selected and applied as the central effort in this study. This 
model will be used to identify potential producing areas as well as 
potential markets . In addition , it should indicate the effects of sea-
sonal variations in forage availability and livestock production. 
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Presently, livestock development projects are, perhaps , spread 
too thinly in all the livestock- producing zones. The national emphasis 
is centered on disease prevention and control, range management, and 
livestock marketing . Seasonal variations in forage production has at 
times left livestockmen wondering what to do next in a country where hay 
or silage production, or any other livestock feed, is relatively unavail -
able. In the last few years, livestock supply to the major slaughter 
plants has been very poor , resulting in the closure of some p lan ts and 
the rest running at below capacity. While some of this can be blamed on 
the price and marketing systems, most of the blame can be attributed to 
lack of sufficient knowledge leading to policies on where to lay emphasis 
on livestock developments. 
This study will help broaden the understanding of the livestock 
production potential in the different regions of the country. The infor-
mation gathered will help the policy makers assess the necessity and the 
sufficiency of the present stock routes . It will also help the pasto-
ralists identify the potential markets for their livestock. 
Objectives 
The specific objectives of this study are: 
l. To identify the areas with potential production of red meat 
products. 
2. To identify where and to what extent the dry seasons have 
adverse effects on livestock production in Kenya. 
3 . To determine whether the nation's stock routes are outdated 
or do they still serve the purpose they were intended for in relation to 
meat demand and potential supply areas. 
4. To recommend a course of action that will be helpful to 
governmental agencies presently engaged in the Kenya livestock develop-
ment p ro ject . 
CHAPTER II 
THEORETICAL FRAMEWORK 
It is necessary to understand interregional competition and the 
application of linear programming so as to be able to interpret the re-
sults of the model. These two concepts are briefly covered in this 
chapter . A review of literature related to appl ication of linear p ro-
grams in the U. S. agricultural sector as well as studies in the Kenyan 
livestock sector is included. 
Interregional Competition 
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Trade is a common phenomenon either on an international scale or 
on a local scale. The early primitive agriculturalist is known to have 
bartered his vegetable crops for meat and animal skins with the hunters. 
In many parts of Africa, many pastoral communities still trade their 
livestock for grains grown in the high rainfall areas. Those high rain-
fall areas are often surrounded by low plains inhabited by the pastur-
alists. Kenya , with Nairobi as a major market center, is such a case. 
The low plains support large populations of livestock and wild 
animal s . These regions have Nairobi urban area as their major livestock 
demand market and , therefore, have to compete for this market. Where 
such a competition e xis ts , involving different regions producing similar 
products , it is called interregional competition (Mighell and Black 
1951). Comparative advantage, locational theory, specialization , 
general equilibrium analysis, and lack of trade barriers dictate inter-
regional competition. 
Specialization and Comparative Advantage 
Trade is based on the concept of specialization. This was first 
proposed by Adam Smith (1776), and it guided the growth and success of 
such sectors as the British textile industries between 1850 and 1946 
(Kindleberger 1969). Specialization allows an area or firm to devote 
most of its resources to producing a given commodity using the cheapest 
possible technology available in the field. Specialization leads to 
competitive advantage in trade . 
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Similar commodities wili often be produced under different condi -
tions in many regions within a countcy. · However , various regions will 
be more endowed in producing the given commodity by virtue of better 
oornmunications , well - distributed rainfall, better management, fertile 
soils, etc. While the physical factors determine the regional limits of 
production, the economic factors determine what is actuall y produced. 
The principle of comparative advantage was developed by Ohlin 
(1935). It states that a product will be produced where its ratio of 
advantage compared with alternative products is g r eatest , in exchange 
for products from other areas. In this case, farme r s in each region 
will specialize in p r oducing that product in which the region has the 
greatest edge over its competitors and will exchange the surplus commodi-
ties for o thers from the other regions. 
In its basic form, the p rinciple of comparative advantage disre -
gards transportation costs (Buse and Bromley 1975). However, produce 
8 
must be moved from a surplus area to a deficit area for trade to occur. 
Since specializat ion is advocated when e xchunge und competition occurs in 
the market place, the final decision as what to produce should take into 
consideration the transportation costs. 
The p rinciples of specialization and comparative advantage may be 
clarified with an example. Beef and potato production is possib le in 
most parts of Central Province and Masailand in Kenya. However, it can 
be demonstrated that when the regions are isolated , less of the two com-
modities will be produced; while if the principle of comparative advan -
tage was utilized , t he two regions woul d produce more beef and potatoes. 
In isolation, a hectar of land in Masailand would probably produce 1000 
kg. of potatoes or 250 kg . of beef per year. The same size of land in 
the high potential Central Province would produce 450 0 kg. of potatoes 
or 500 kg. of beef. Under these assumptions, Central Province has an 
absolute advantage, while Masailand has an absolute disadvantage. This 
disadvantage is least in beef, while Central Province has the greatest 
advantage in potatoes. Before trade, 9 kg. of potatoes are exhcnaged 
for 1 kg. of beef in Central Province, while 4 kg. of potatoes are ex-
changed for 1 kg. of beef in Masailand. Under these conditions, spe-
cialization and trade would benefit these two regions. 
Trade negotiations would allow Central Province to exchange 9 kg. 
of potatoes for more than 1 kg. of beef, whi le Masailand would be able 
to get more than 4 kg. of potatoes for l kg. of beef . If an e xchange 
rate of 6 kg. of potatoes for l kg. of beef is agreed upon between the 
two regions, Masailand might exchange 100 kg. of beef for 600 kg. of 
potatoes. The region will, therefore, end up with 150 kg. of beef and 
600 kg. of potatoes . Central Province will end up with 100 kg. of beef 
and 3900 kg . of potatoes. Before trade, Central Province could on l y 
produce a combination of 67 kg. of beef and 3900 kg. of potatoes , while 
Masail and could only produce 150 kg. of beef and 400 kg . of potatoes. 
Thus , by specializing in the production of those products where 
each region has the greatest (least) comparative advantage (disadvan-
tage) , both regions end up better off. 
Location and General Equilibrium Theory 
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Regional specialization calls for an exchange in the market place, 
thus, requiring goods to be transported between or within regions. 
Therefore, an essential part of this study involves transportation of 
livestock products from several surplus regions to the deficit regions. 
A genera l mode l of spatial equilibrium examined in this study is 
the one introduced by Lefeber (Nef 1979). Lefeber 's model allows eval-
uation of plans aimed at the opt imal resources reallocation and their 
utilization connected with production among industries and transporta-
tion of resources between regions over a period of time (Bailey 1980). 
The conditions associated with the optimal solution as defined by 
Lefeber are: 
1 . If two different regions export a similar product to the same 
market, the difference between the shadow prices of the good at the two 
regions must exactly equal the differences between the respective mar-
ginal costs of transporting a unit of that product from the two produc-
tion regions to that market. 
2. If two surplus regions ship to the same deficit region, the 
difference between prices in the surplus regions will be equal to the 
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d ifference between their transport costs to the deficit region (Judge 
and Wallace 1958) . 
3. If a factor such as capital is employed in both industries, 
locally and in transportation , its rent has to be uniform in all three 
employments. This rent, in turn, has to equal the value of the factor's 
marginal product in each occupation, eva luated in terms of the shadow 
prices of the respective goods. 
4. If a factor is exported to another location for use in either 
one or both industries, its rent must equal rent obtained by identical 
factors employed in the second location. This, in turn, must be equal 
to the values of the marginal products evaluated in terms of the shadow 
prices of the goods in that location . Finally, this same rent paid in 
the second location must equal the sum of the factors rent in the first 
lo.cation plus mobilization cost . From this, it follows that identical 
factors originating from one region and employed in the production of 
the same good at two different locations must have different values of 
marginal products. The difference between the respective values of mar-
ginal product of the same factor employed in the same industry in both 
locations will equal the marginal cost of transporting a unit of the 
factor from the first to the second location. 
5. Factors originating in a location which imports identical 
factors from abroad must not be employed in the production of transpor-
tation services. 
The theory can be summarized as : 
Minimize z 
nm 
n C .. X .. ~] ~] i = 1 and 
subject to : 
hence 
all X .. > 0 
~J 
n 
and L 
m 
X .. 
~J 
L X .. 
~J 
a. 
~ 
b . 
J 
n 
I b . 
J 
1 
i = 1 
i = 1 and 1 
with (i = 1, 2, 3, m) and (j 1, 2, 3, . . . , n) for all 
cases , and where, 
X .. number of Lmits shipped 
~J 
C.. costs of shipping from origin i to destination 
~J 
m number of origins 
n = number of destinations 
a. quantity available at origin i 
~ 
bj quantity required at destination j. 
A linear program model transforms this problem as: 
Minimize 
subject to: 
z 
n 
l:a .. X.(b (i ~J J i 
1, 2, 3, . .. , n) 
1, 2, 3, ... , m) 
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where 
X. 
J 
c. 
J 
z 
a .. 
~J 
b. 
~ 
variable to be determined, n are being considered 
per unit contribution of the jth variable to the 
objective function 
objective to be minimized 
exchange coefficient of the jth variable in the ith 
constraint 
requirement to be met. 
The use of the above formulation will help determine the direc-
tion of livestock products' transfers between regions as well as the 
optimal reallocation of these products. 
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An interregional study must, therefore, consider both the physi-
cal limits to production as well as the economic factors and consequent 
changes in t hem in order to determine the direction of change in an 
economy. 
Linear Programming 
Linea r programming has its origin during World War II, where it 
fNas extensively used for minimization of travel distances as well as allo-
cation of such scarce resources as labor, equipment , and tools (Heady and 
Candler 1958). Since the 1950s , itsapp1ication has had wide use in 
analyzing regional and interregional competitive advantages of United 
States agricultural and livestock sectors. Full coverage of the linear 
programming methodology will not be presented here. Several applications 
in the past will be cited in the literature review. However, a brief 
explanation of the logic behind its usage in this study , as well as most 
of the assumptions taken , will be done. For a more complete coverage of 
13 
its application to agriculture and interregional analysis, one is ad-
vised to read Heady and Candle r (1958) and Dorfman (1953). 
Linear prog ramming (LP} as a tool is used in maximizing or mini -
mizing a given objective subject to given constraints. In agriculture, 
the tool is used to specify such objectives as: (a) the optimum organi -
zation of resources and enterpr ises on farms; (b) the profit maximizing 
mixes of commodities produced i n the market areas ; (c) the cost minirniz-
ing methods of processing products such as fertilizers or mixed feeds; 
and (d) to specify spatial equilibrium patterns of the flow of agricul-
tural products. The LP t ool can also be used either to indicate the 
optimum interregional patterns of resource use and product specializa-
tion in agriculture or sugges t desired farm adjustments (Heady and 
Candler 1958) . 
Programndng models can be as simple as possible or very complex. 
They all have an objective function subject to some constraints. For 
this study, the objective function is to minimize the cost of producing 
and transporting red meat given the available livestock population and 
forage produced with the several regions delineated in Kenya. The use 
of a computer is essential for a large model, as the one developed in 
this study . 
Assumptions of l inear 
programming 
Several important ass umptions are implicit in order to use the 
LP approach (Heady and Candler 1958, Takayama and Judge 1971, Judge and 
Wallace 1958, and Egbert and Heady 1961). Some of these assumptions are : 
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l. Markets are competitive. This dictates the requirements for 
the r egi onal pattern of prices and flow of the commodity unhampered by 
trade barriers. 
2. Resources and products are homogenous, so consumers are indif-
ferent as to the supply source. 
3. Wi thin a region, the technical coefficients of production are 
known and that these coefficients are constant within the delineated 
regions (Heady and Egbert 1959). This implies constant returns to scal e. 
4. Resource supplies and final demands for each region are known 
and that total demand equals total supply. 
5. The factor and output markets are represented by a fixed 
point for each region. 
6 . Regional prices are known for certainty. 
7. The number of alternative activities is limited with each 
activity being capable of being undertaken at any positive level. 
8. Transportation costs are known, they occur at positive levels 
and are independent of quantity shipped. 
9. The system is static in that consumption must be met from 
current production , the production period is the calendar year. 
10 . The level of activity in other sectors of the economy is 
assumed known . 
Limitations o f linear 
programming 
Several of the above limitations reduce the effectiveness of the 
model as related to the real world. The assumptions of competitive 
markets, homogenous outputs , and similar production funct ions for each 
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farm in a region are not really realistic. The quality of beef produced 
in region seven , though dominating in the transactions, is not of the 
same quality as beef coming out of region eleven. Competitive marketing 
in Kenya is marred by the disease ordinances that determine the nature 
of regional flows of livestock. However, frequently it is useful to 
compute programs ignoring various t ypes of subjective, legal , or insti-
tutional restrictions needed by farmers or marketing firms. These 
restrictions may be due to lack of knowledge, undesirable institutions , 
etc. {Heady and Candler 1958). The concern is the removal of obstacles 
to more efficient use of resources rather than rrodify the p r ograms to 
fit restricted operating patterns. 
Major limitations arise in specifying accurately the technical 
coefficients, demand, and prices {Stovall 1966). Getting the accurate 
figures is difficult , particularly in developing countries wher e even 
the secondary data is hard to come by. Even in the developed countri es , 
it is really time- consuming to derive all the needed coefficients f or 
such work (Hall and Heady 1971). In this model , apart from relying on 
several livestock project papers , my experience as a project plans eval-
uator is relied on heavily. The regions delineated are also small 
enclosing uniform operations , thus , reducing variations in most of the 
coefficients used on a per region basis. 
Review of Literature 
Several past applications of linear programs in agriculture, 
particular l y the livestock sector, in the last 30 years are presented 
below. 
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Fox (1953), after concluding that the use of trial and error 
methods for an equilibrium solution in a 10- region area was very labo-
rious, used a spartial equilibrium LP to determine a solution for regional 
beef prices and feed utilization by livestock. Variations in freight 
rates , extreme droughts, and forecasting were used in the model to ana -
lyze the u . S. livestock sector . 
Judge and Wallace (1958) used spartial price equilibrium models 
to estimate the equilibrium prices and quantities of beef for 2 1 regions 
of the United States. One of the observations was that from an economic 
point of view , the interdependent nature of the livestock sector neces-
sitates an analytical model depicting the joint determination of sector 
variables if the consequences and repercussions of certain policy 
actions are to be isolated. 
Schrader and King (1962) broke United States into 20 regions and, 
using the 1957- 58 li vestock conditions--regional cattle feeding organi -
zation factor and product shipments and beef demand, applied an LP model 
to determine optimum beef p roduction regions. 
Since 1959 , several applications of LP models have been used under 
Professor Heady to analyze the u. S. agriculture and livestock sectors. 
Heady and Egbert (1959) used an LP model to assess the regional adjust-
ments in grain production in order to eliminate surpluses. Using an 
interregional programming model, Brokken and Heady (1968} combined crop-
producing and livestock- producing models to determine the geographical 
allocation of crop and livestock production and interregional commodity 
f l ows. This particular model, consisting of 20 livestock and 157 crop-
producing areas , has been updated and serves as the present U. S. na-
tional agricultural linear programming model . 
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Dietrich (1971) delineated the U. S . into 27 livestock-producing 
and consuming areas an d used an LP mode l to identify the optimum loca-
tions and sizes of feed l ots and cattle slaughter facilities in these 
regions. The model was also used to determine the least - cost sh ipment 
routes for cattle, feed g r a i ns , and dressed beef. In this study, the 
conclusion was tha t readily available supplies of feeder cattle , feed 
grains , and economies of size in feedlot operations were o f major impor-
tance in determining the optimum location and l eve ls of cattle feedlots. 
Economies of size in cattle feeding by themselves were generally no t 
sufficient to offset severe locational dis advantage s relative to input 
and output markets. 
Grimshaw (1972) used an LP model to analyze the possibilities of 
expanding livestock production in the Pacific Northwest . The model 
showed that the local supply of feeds within all regions was important in 
determining the optimum production of livestock products within each 
region . 
Grimshaw 's model has been modified in several studies at Utah 
State University to determine the optimal allocation of resources in 
producing agricultural outputs. Using the modified model, Gray (1972) 
found that Utah had a comparative advantage over other U. S . regions in 
producing broilers, eggs , and milk. Sorensen (1978) modified Grimshaw ' s 
model and found that milk , eggs, and pork could be expanded p rofitably 
in Utah. In both of these studies , Utah was shown to have a comparative 
advantage in producing li vestock p roducts for domestic consumption. 
Nef (1979) simulated drought magnitudes to show what effect these 
droughts had on reallocation of opt imum production of livestock products 
in the whole of the United States. 
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Several literature listings of past usage of linear programming 
in analyzing interregional and regional adjustments in optimal produc-
tion or reallocation of resources is included in the bibliography . The 
review of other literature is judged to be irrelevant to the present 
work. 
All the above studies have demonstrated how useful an LP model 
can be in determining the most efficient pattern of production to meet a 
certain objective. Several assumptions, however, have to be kept in 
mind before drawing any conclusions. 
Studies of importance to live-
stock production location in 
Kenya 
Livestock development in Kenya has aroused interest ever since 
the Synnerton plan (Synnerton 1954), which was drawn during the colonial 
era. This plan drew the attention to the need of developing the areas 
outside the "scheduled areas." 
Most of the studies have either been oriented towards ecological 
or fo r age production potential of East Africa . These studies have been 
done by both Kenya government personnel, international organizations , 
and private institutions. Lampkin and Howard (1962) were among the 
first to do studies on the production of beef from zebu cattle in East 
Africa. Kidner (1964) was more specific in giving a paper on beef pro-
duction in Kenya during the 1964 conference held at Kitale on animal 
production and management in rangeland areas of Kenya. A team of FAO/ 
UNDP ( 1967) carried out a lengthy livestock survey and concluded that both 
the small stock (goats and sheep) should be given a serious thought in 
any livestock development p~grarn in the whole of East Africa . The most 
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recent livestock studies include: The Outlook for Meat Production and 
T r ade i n the Near East and East Africa (FAO/ World Bank 1977) and The 
Livestock and Meat Industr y Development in Ken ya (Chemonics 1977). 
Several review and appraisal papers have been written by the World Bank 
since the 1968 inception of the Kenya Livestock Development Project . 
The p r oject has resulted in the concentration of different development 
proposals in different p arts of the country as indicated in Chapter I of 
this paper . 
Several research papers on livestock production potential have 
been given since 1965 . The East African Classification Committee was 
set i n 1965 to classify the whole of East Africa into eco l ogical zones. 
The outcome was the present six ecological zones indi ca ting the livestock 
carrying capacity of the different parts of the country . 
FAO/ UNDP have also carried several livestock production studies 
covering different distri cts (Marsabit , Tana River, Kajiado, etc.). 
Since the 1960s , Spinks (1965) and Aldington and Wilson (1968) have both 
written papers on livestock and meat marketing in Kenya. 
All of these studies, though relevant to the present study, have 
either been related to one area o f the present study or they covered 
only a single r egion without reference to the other regions. Those 
studies have tri ed to offer guidelines to the proper use of various 
regions studied . The Range Management Division is presently planning 
most of livestock- producing areas based on those past studies. 
The p resent study is hoped to help bridge the gap p r esent in most 
of the studies ment i oned above by incorporating carrying capacity 
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restrictions, production and transportation costs to indicate the opti -
mum red meat production and producing locatio ns to meet the demand for 
Kenya. 
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CHAPTER III 
METHODOLOGY 
Model Development 
This study is probably the first for Kenya as far as the entire 
livestock sector is concerned. For this analysis , Kenya was divided 
into ele ven separate and autonomous livestock-producing regions (Figure 
u. 
The regions 
The country was divided into eleven livestock production and con-
sumption regions as shown in Figure 2. Three of these regions (5 , 6 , 
and 11) fall within the high potential areas. The major differences in 
these regions are mainly cul ture , human population concentrations , red 
meat demand , and production patterns. Region eleven is important since 
its red meat production potential is presently being affected by settle-
ment resulting from land subdivision schemes. 
The other nine regions fall either within the semiarid or arid 
lands. The major differences are the ethnic compositions, annual graz-
ing radius, and herd compositions. Region two is composed of only one 
district (Marsabit) due to the unique influence Marsabit mountain ranges 
have on the region. Region seven comprises the whole of the southern 
range. This makes it unique since it comprises one single tribe (Maasai) 
and lies alongside the southern side o f the high potential area. Region 
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Ecological Zones: 
UIIIIIIIlillJ Zone II 
~ Zone III 
[lZZJ Zone I V 
c=J Zone v 
~ Zone VI 
Fig . 1. Kenya's ecological zones• 
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f 
Fig . 2. Livestock-producing and consuming regions (Kenya) , 
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four is similar to region seven, except it lies on the northern side of 
the high potential zone. Whi le region seven has the potential to attract 
encroachment by wheat and barley growers , part of region four has simi -
lar problems with region eleven . 
Region eight is the most drought - prone region within the country 
(Ominde 1975). Regions nine and ten are simi lar in vegetation , culture , 
and the nature of livestock development proposed so far. These two r e -
gions could easily follow under company ranch development schemes. Most 
of this area is uninhabited state land. The regions, however, are dif-
ferent in relation to major markets , disease probl ems , and tribal 
representation. 
Eight different categories of grazing animals were included in 
the model. These include both culled bulls and cows ; steers over three 
years , two years , and one year; culled male and female small stock; as 
well as young small stock (Table 1). Small stock refers to both goats 
and sheep. The contribution of red meat from camels is ignored since 
the activity is very localized both in pr.oduction and consumption . The 
per capita consumpti on of camel meat is also thought to be very low, 
even in regions where camels are p roduced (Pratt and Gwynne 1976). 
Transportation is mainly between the major consuming centers. 
Due to the location of region seven in relation to the major consuming 
areas, two shipping centers were selected . All regions and regional 
centers are shown in Table 2. 
Transportation costs between regions are based on distances be-
tween the major market centers. Intraregion transportation costs are 
assumed to be zero as most consumption is done on the farms. 
1. 
2. 
3. 
4. 
5. 
6. 
7 . 
8. 
Region 
One 
Two 
Three 
Four 
Five 
Six 
Seven 
Eight 
Nine 
Ten 
Eleven 
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TABLE 1 
LIVESTOCK CLASSES AND GRAZING SEASONS 
Livestock Classes Grazing Seasons 
Culled bulls 1. Dry season 
Culled COWS (December - February) 
Steers over 3 years 2. Wet season 
2-3 year old steers (March - May) 
1-2 year old steers 3. Dry season 
Culled rams/billies 
(June - August) 
Culled ewes/nannies 4. Wet season 
Young small stock (September- November) 
TABLE 2 
REGIONS AND REGIONAL CENTERS USED IN THE STUDY 
Regional Center 
Lodwar 
Marsabit Town 
Wajir 
Maralal 
Ki sumu 
Nairobi 
Narok , Kajiado 
Mutha 
Bodhei 
Mornbasa 
Hakuru 
Districts/Divisions 
Turkana, W/ Pokot, E/Marakwet, Baringo 
Marsabit 
Wajir, Mandera, Isiolo , N/ Garissa , N/ Tana , 
Tharaka 
Samburu, N/Laikipia 
Nya~za , W/P rovince, Nandi , Vasin Gishu, 
Tranzoia 
C/Province , Embu, Meru , Machakosi 
Narok, Kaj iado 
E/T . River, Kitui 
S/ Garissa , Lamu 
Coast Province 
Hakuru , S/Laikipia, Kericho, Lower Kijabe-
Mai Mahiu 
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Four grazing seasons are included in the model (Table 1). These 
are the dry- wet- dry - wet seasons . Since this pattern is more pronounced 
east of the Rift Valley (Pratt and Gwynne 1976) , devi ations in foraqe 
production is large in these regions. Feed requirement for each class 
of livestock is based on respective livestock weights. A cow- calf is 
taken as the base and expressed as one livestock unit ( LU) • 11 A L . u. is 
a standardized animal unit to which different ages, types of species of 
livestock can be related for purposes of matching forage availability to 
animal needs 11 (Pratt and Gwynne 1976) . Table 3 shows the coefficients 
used . These coefficients vary over regions mainly to reflect the dif-
terence in weights of animals in these areas. For this reason , animal s 
in such regions as eleven and six have higher coefficients than those in 
regions two and three. 
The model reallocates red meat production between regions and 
transports these products from surplus areas to deficit areas. 
The objective function 
The problem is : 
Minimize )\I' LLL Aikg 
ikg 
+ mi cijk 
ijkg 
Subject to: 
vikg Aikg 
Tjkg Ejk + I yjgk 
gk 
Aik ' cijk' Ejk' yjkg 
+ rn Ejkg jkg 
- I yjkg 
kg 
;;, 0 
+ m YJ.kmz].km 
jkm 
for all j and i 
( l) 
(2) 
( 3) 
(4) 
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TABLE 3 
* LIVESTOCK UNIT COEFFICIENTS APPLIED 
Cattle Small Stock 
> 3 2 - 3 1 - 2 Fe - Yo ung 
** Regions Yrs . Yrs . Yrs . Rams males Stock 
One, two 0.7 0 . 5 0 . 4 0. 113 0.093 0.072 
& three 
Four 0 .7 0 . 5 0.4 0 .113 0 . 093 o. 072 
Five 0.7 0.5 0 .4 0.079 0.068 0 . 057 
Six 0.8 0.6 0.5 0.079 0.063 0 . 058 
Seven 0 . 7 0 . 5 0.4 0.074 0 . 068 0.057 
Eight 0 .7 0 . 5 0.4 0 . 074 0 . 063 0.053 
Nine 1.0 0 . 8 0 . 6 0 . 103 1. 090 0 . 068 
Ten 1.0 0 . 8 0.6 0.079 0 . 068 0.066 
Eleven 1.0 0.8 0.6 0.117 0 . 090 0.074 
* Cow/calf and bulls are 1. 0 LU for all regions . 
** Culled rams and bi l lies. 
where 
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the quantity of ith feed (livestock units) produced 
in region k during season g 
. - ~ . ~ C .. k = the quant1ty of 1 feed (hvestock units) fed to j 
~J g class of livestock in region k during season g 
the quantity of jth livestock product produced in 
region k during season g 
the nonfeed costs of producing one unit of the jth 
class of livestock in region k during season g 
the quantity of the jth livestock produced and 
shipped from region k to region m 
the per unit cost of transporting the jth livestock 
unit from region k to region m. 
the quantity of the ith feed (forage) available for 
feeding in region k during season g 
the quantity of jth livestock consumed in region k 
during season g. 
The subscripts i, j, g , and k represent the following: 
i = 1, livestock units (forage) 
1, 2, ... , 8 
where 
l. culled bulls 
2. culled cows 
3. steers over 3 years old 
4. 2 - 3 year old steers 
5. l - 2 year old steers 
6. culled rams / billies 
7. culled ewes/ nannies 
8. young small stock 
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k 1, 2, . . . , 11 
where 
l. region one 
2. region two 
3. region three 
4. region four, etc. 
g 1, 2' 3 , and 4 
where 
l. dry season (December - February) 
2. wet season (March - May) 
3. dry season (June - August) 
4 . wet season (September - November) 
The objective function can be expressed as a minimization of live-
stock production costs (nonfeed) and transportation costs. This should 
be done without violating any of the constraints (2 through 4) . The 
first constraint {2) require s the quantity of forage available for feed-
ing in a region to be more than or equal to local requirement . There is 
no feed transfer involved. Equation (3) requires demand for red meat to 
be equal to local production p l us net imports. Excess production is 
exported while deficits are met through interregional imports. Equation 
(4) implies zero or positive activities in p roduction and transportation . 
An illustration of the linear programming matrix for one region 
is presented in Figure 3. 
Constraints 
Objective function 
Fee d production account 
Feed available acco unt 
Live stock nnit 
Red meat p roduction account 
Red meat availabl e account 
c -- cost of activity. 
Feed 
Production 
+c 
+l 
-l 
b 
d -- livestock unit coefficient. 
b -- bounds . 
Fora ge 
Conve rsion 
+d 
Livestock 
Production 
+c 
-l 
+l 
- d 
+l 
b 
Fig. 3. Linear programming for one region~ 
Livestock 
'rrans fer 
+c 
-l 
+l 
Cons wnptio n 
of Re d Meat 
-l 
b 
w 
0 
Assumptions 
Apart from the general assumptions held in Chapter II , the fol -
lowing assumptions are held for the present study: 
1. Grazing forage is the only feed considered in the present 
study. Total p r oduction varies with seasons. 
2. Forage consumption is based on animal weights . 
3. The year 1979 is the base y ear. 
4. Only the livestock forage economy is cons idered. 
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5. A subsistence herd must be maintained in all the regions to 
meet the milk requirement of the pastoral communities. Red meat produc-
tion is secondary to milk production , therefore, it will utilize the net 
available forage. 
6 . There is no subs titution between beef and mutton. Consump -
tion rates are .as indicated in Table 4. 
7. The forage requirement is based on livestock unit coeffi-
cients indicated in Table 3. 
8. Production of livestock products i s bounded i n each region so 
as to fall between given regional off takes. Therefore , thi.s approximates 
realities based on the size of the subsistent herd. 
9 . Since such animals as donkeys and camels were not included in 
the model , their regional forage requirements were subtracted in arriving 
at the net available fora ge per season. 
10. Red meat consumption is assumed to spread evenly over the 
four seasons. The abundance of milk supply or "Sukuma Week " during the 
wet season is assumed to have negligible effect on the demand for meat 
during the wet season. 
TABLE 4 
PER CAPITA RED MEAT CONSUMPT I ON, 1979 (Kg . / Person) 
Beef Small Stock 
Region Rural Urban Rural Urban 
One , two 3 . 7 13.1 
* Three 3.7 13.1 13.1 10.2 
Four 6.8 23.1 10.2 10.2 
Five 10.1 17 . 6 3. 6 5. 8 
Six 7.3 28.6 2.4 5.8 
Seven 8.0 28.6 10.2 5.8 
Eight 4.7 28.6 5.3 5.8 
Nine 3 . 6 3.6 9 . 8 9.8 
Ten 3. 4 17.6 3.5 5.8 
Eleven 9.9 17.6 7.1 5.8 
SOURCE: Chemonics International, Live-
stock and Meat Industry Development Study , Pre-
pared for the Ministry of Agriculture (Washing-
ton , D.C. in association with Hawkins and Asso-
ciates, Nairobi , 1977). 
* Most urban consumption figures are 
derived averages. 
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Data Collection 
Data for this study were collected mainly from secondary sources. 
The human population was based on the September, 1979 census (Weekly 
Review 1979}. These figures are then contrasted with the comprehensive 
1962 census coverage (Morgan and Shaffer 1966) so as to fit the delineated 
regions. The 1979 population figures afe represented in Appendix 1. 
The supply of red meat was assumed to come from the different 
categories of livestock produced. For the model, the demand and supply 
of red meat is expressed in terms of live animals slaughtered or trans-
ferred from one region to another for slaughter. The regional demand is 
as shown in Table 5 . 
The total supply of red meat was based on the total herd surveyed 
by the Kenya Rangeland Evaluation and Monitoring Unit in the 1978-79 
season. The livestock census for region seven appeared low (Review Mis -
sion 1977) and had to be adjusted to fit the most recent estimates 
(tiarnukota 1979, and Appendix 1). Livestock distribution projected for 
all livestock categories are shown in Table 6. 
Most of the livestock kept in East Africa are kept to furnish the 
owners with subsistent requirements in the form of milk , meat, and blood 
on some occasions . This ration , 3/4 milk and l/4 meat, was tried first 
in estimating the subsistent level of herd requirement . In the past , 
several studies have estimated the number of cows required to sustain a 
family of 6.5 adults equivalent at 2300 calories per day. These are all 
varied; L. Brown arrived at 30 - 35 cows (Pratt and Gwynne 1976), 20 - 25 
cows (Review Mission 1977 ) , 20 milking cows (Windstrand 1975) , Dahl and 
Hjort (1976) reco mmend 9 milking cows or a total of 60 head of cattle 
Live -
stock One Two Three 
Bulls 248 45 133 
Cows 1 , 660 236 934 
> 3 yr. 
steers 8 , 537 1,271 7 ' 196 
2- 3 yr. 
steers 9 , 664 1,398 9,100 
1-2 yr. 
steers -- -- --
Rams/ 
billies 7 , 965 1,170 5 , 002 
Females 144' 580 21, 255 90 ,8 81 
Young 
stock 427 , 715 62 , 880 268 , 855 
TABLE 5 
TOTAL LIVESTOCK HEAD DEMANDED, 1979 
Re ion 
Four Five Six Seven 
197 5 '125 4 , 831 2 75 
1 , 381 88,527 137 ' 300 2,263 
3 , 290 137 ' 277 100 ' 756 6 , 904 
8 , 054 167,509 146 ' 608 18,100 
-- -- 120,574 
1,434 26 , 623 21 , 52 1 5,121 
25 , 981 460 ' 776 403 , 576 84 ' 194 
76,860 1,234 , 324 1, 097 ,560 225,537 
Eight Nine 
158 22 
1,584 256 
4,657 533 
13 ' 2 4 8 1,166 
350 947 
6 , 228 15,911 
16 , 938 47' 16 1 
Ten 
1, 290 
8 , 62 1 
34 ,415 
6 , 539 
6 , 929 
119 , 931 
282 , 717 
Eleven 
1, 239 
12' 530 
53 , 092 
2 , 433 
8 , 063 
149,409 
411 , 230 
w 
..,. 
TAB LE 6 
LIVES TOC K DISTRIBUTION, 19 79 (1 , 000 Head ) 
Live- Re ion 
stock One Two Three Four Five Six Seven Eight Nine Ten Eleven 
Culled 
bulls 48.15 4 . 20 21.15 26.24 61.7 26.0 48 .9 14 . 7 13.6 5. 8 15.6 
Culled 
cow a 385 . 20 33.60 109.20 262.40 1,173.1 1,093.7 489 . 4 146 . 8 168.0 86.4 389.0 
> 3 yr. 
steers 86.67 7 . 56 38.07 39 . 40 216.0 
--
82 . 4 22 .o 36.3 51.8 357 . 0 
2-3 yr. 
steers 115.56 10.08 50.76 91. 80 46 3 .0 260.4 173 . 4 51.4 68 . 1 40.3 233.4 
1- 2 yr . 
steers 134.84 11 . 76 59 . 22 98. 40 49 3.9 520.8 192.7 56.1 77 . 1 46.1 264.5 
Ca l vee 192.60 16 .80 ~ 137 . 00 ~ 
___2Q_U ~ ~ 90 . 9 ~ ~ 
Total 963 . 00 84.00 423 .00 656.00 3,097.0 2,604.0 1,243.0 367.0 454 .0 288 . 0 1,556. 0 
Camels 95.00 113.00 350 .00 17 .oo -- -- -- -- 6 .0 
Mature 
male 
stock 60.20 10 . 30 28.60 17.80 52.0 41.0 23 .8 7. 6 3. 7 4. 3 20.1 
Females 925 . 90 159.40 440.00 274.10 802.0 1,147 . 3 665.4 22 7 . 3 .5 7 . 0 1 28 . 3 602.6 
Yo ung 
stock 1,41§.90 ~ ~ £Q2Q. 1, 229 . 0 1,679 . 7 1,211. 8 E.!..:..!_ ~ 209.4 984.3 
Total 2,405.00 414 .00 1,143 .00 712 . 00 2,093.0 2 , 868 . 0 1,901.0 606.0 148.0 342.0 1,607.0 
SOUK.:E1 Projected fr01:n. figure s stated in Z. J. Hol'angi, "Rangeland Production," Letter Grass/ 
1/VI of April 12, 1979 sent to the Head of Animal Production Branch, Na irobi. w 
<.n 
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for a family of 6 , Jacobs (Dahl and Hjort 1976) p uts 10 - 15 cows as 
being sufficient for the Maasai. This criteria , though widely quoted in 
literature, fails its test in all the regions except region four . 
Therefore , either the pastoralists are not entirely dependent on "3/4 
milk and l / 4 meat" diets or the 1973- 76 drought had very heavy livestock 
mortality rates. The first suggestion appears more plausible as the 
total 1979 livestock population was not much l ower than expected . Stud-
ies carried out among the Maasai , a major pastoral tribe, have indicated 
a major shift in their dietary habits . A survey carried out in 1974 
(Hetson 1974) found that 93 percent of the households in Kajiado bought 
maizemeal weekly . Traditionally , rnaizemeal was eaten only under stress 
and not by choice. The weekly consumption of rnaizemeal, particularly 
among the women and children , was confirmed by Meadows and White (1979) 
in their 1977 survey. 
The minimum regional subsistent herd was , therefore, arrived at 
after deducting the offtake rates required to meet the indicated national 
demand for meat (Table 4). An allowance of 10.3 million kg. for export 
was allowed for in the bounds section. This is the average quantity of 
beef exported between 1967 and 1974 (Heyer, Maitha, and Senga 1976). 
The production bounds were fixed through the expected offtake 
rates. The lower bounds are based on the minimum offtake required to 
sustain the population in the region. The upper bound is the estimated 
maximum offtake that a given region could be expected to sell through 
the livestock trade centers. These offtakes vary from region to region 
(Dahl and Hjort 1976, Review Mi ssion 1977 , Chemonics Int. 1977, and 
Ayuko 1976). In the past , the offtake rates for the small stock in most 
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pastoral areas have been about 30 percent. The present small stock pro -
ject expects to raise this rate to over 60 percent through the marketing 
of excess mature males in the country (FAO /UNDP 1978). 
The transportati on costs were based either on the Shs . 70 charged 
by the Livestock Marketing Division (LMD) for moving cattle from North -
east Province to either Taita or Laikipia ranches (Review Mission 1977--
Annex 5) , the 1978- 79 Kenya railways charge of Shs . 150 to transport 
cattle from Nakuru to Coast Province, or an estimated Shs . 1.25/ t on/krn . 
charge for trucking animals from region one to region eleven by LMD. 
Most stock routes are assumed to use various means (droving, trucking, 
railing, sea routes) to get livestock to the markets shipping charges 
from Lanu to Mombasa were assumed to be equiva l ent to rail charges . 
The forage available was based on the ecological potential (Pratt 
and Gwynne 1976) and on the estimated hectares of grazing land available 
for livestock use in every region (Chemonics Int. 1977). Table 7 indi-
cates the carrying capacity of various ecological zones (see Figure l 
for ecological. class i fication). 
TABLE 
RELATIONSHIP BETWEEN ECOLOGICAL ZONE AND CARRYING CAPACITY 
Hectares required per LU 
LUs required per head of population 
II 
0.8 
2 .5 
Ecological Zones 
III 
1. 6 
3.0 
IV 
4. 0 
3.5 
v 
12.0 
4 . 0 
VI 
42.0 
4.5 
SOURCE : D. J. Pratt, and M. D. Gwynne , eds. , Rangeland 
Managemen t and Ecology in East Africa (New York: Robert E. Krieger 
Publishing Col , 1976). 
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Total forage available is dictated by ecological potential as 
well as the rainfall pattern. Appendix 3 contains total hectares avail -
able for grazing . These are further divided by the carrying capacity1 
as given in Table 7 to a r rive at the total LUs available . Tab l e 8 lists 
the estimated forage available on a seasonal basis . The estimate was 
based on water availability and distribution , presence of tse tse flies, 
plant growing season, availability of wild game and other grazing 
animals, etc. 
Table 8 is adjusted further to account for the requirement of the 
subsistent herd. This net balance in forage (Table 9) gives the basis 
for red meat production for both cattle and small stock. 
In the model a cow calf, mature bull , o r animal weighing 190 kg . 
CDW (co~d dressed weight) was taken as one LU. This latter measure is 
taken as the basis for converting livestock to red meat . Livestock unit 
coefficients vary from region to region as reflected by the different 
weights in these regions. Thus , while steers in region tenareexpressed 
as 1.0 LU , those in r egion three are expressed as 0.7 LU. 
The livestock coefficients used to define stocking rates are t hose 
used by the Range Manag emen t Division for planning purposes . . Coeffi-
cients for the small stock were formulated so as to compare the i r re-
gional weights to 190 kg . of red meat. They compare favorably , however , 
with those reported from various sources (Chernonics, Int. 1977, and FAO/ 
World Bank 1977). 
1Livestock carrying capacity: the maximum animal numbers t hat 
can graze each year on a given area of range for a specific number of 
days without inducing a downward trend in forage production, forage 
quality, o r soil (Stoddart , Smith , and Box 1975) . 
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TABLE 8 
SEASONAL FORAGE AVAILABLE , 1979 ( 1, 000 LU) 
Region Dec- Feb Mar- May Jun - Aug Sept- Nov 
One 665 . 0 912.6 665.6 849.6 
1\-lo 71.0 133 .1 84.0 117.7 
Three 310.0 512.4 305 . 0 420.0 
Four 379.6 464 . 0 364.9 464.0 
Five 1 , 729 .o 2 , 000.0 2 , 000.0 1,864.8 
Six 956 . 7 1,063.0 956.7 1, 063.0 
Seven 980 . 0 1 , 569 . 3 980.0 1,471.2 
Eight 316.0 383 . 5 316 . 0 383 . 5 
Nine 538 . 0 577.1 538.3 577.1 
Ten 896 .1 1, 024 .1 ·896.' 1 1 , 02 4.1 
Eleven 805 .1 876.6 805.1 876 . 6 
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TABLE 9 
NET FORAGE AVAILABLE , 1979 (LU) 
Season 
Region Dec- Feb Mar- May J1.D1 - Aug Sept- Nov 
One 10 , 898 258 , 498 10,898 195 , 498 
Two 21 , 2 79 83, 379 34 , 279 67' 979 
Three 16 ,172 218 , 572 16 ' 1 72 126' 172 
Four 20,628 105,028 20,628 105 , 028 
Five 119' 600 290,000 290 , 000 154 , 800 
Six ll , 543 117,843 ll, 543 ll7,843 
Seven 211 , 926 80 1, 226 211 ' 926 703 , 126 
Eight 91,635 159 ' 135 91,635 159' 135 
Nine 279 ,456 318 , 256 279 , 456 318' 256 
Ten 728,216 856 , 216 728 , 2 16 856 ' 216 
El even 69 , ll0 140 , 600 69 ' 110 140,600 
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East African cattle, generally, are not very heavy animals. An 
average improved animal weighs 190 kg. COW (Ayuko 1976). This also 
represents the average mature weight of N.E. Beran or the Maasai Zebu 
(Pratt and Gwynne 1976, and Meyn 1970). However, most of the immatures 
leaving these areas fall between 210 kg . to 260 kg. (Review Mission 
1977), thus, falling between 0 . 6 and 0.7 LU at 50 percent killing weight. 
Steers from organized ranches will often weigh about 300 kg. before 
slaughter. 
The operating expenses were estimated from the Review Mission ' s 
( 1977 ) figures for 1977 as wel l as International Livestock Center for 
Africa (ILCA 1978) monitoring costs reported in June , 1978. These costs 
fall i nto three main categories: 
1. The main pastoral areas of the North--regions one, two, and 
three--had very low operating expenses since none of them had any inter-
est charges to meet, and disease control and prevention measures were 
heavily subsidized . 
2. The established ranches or "program districts" where operat-
ing costs were well documented (ILCA 1978, and Review Mission 1977). 
3. The traditional areas of regions five , eight, and nine , whose 
livestock management were ·yet to be organized. Region nine, however, 
s howed a high operating expense due to heavy infestations of tse tse 
flies (Glossina spp.). 
The operating expenses considered included labor , drugs, dipping 
charges, salt, water charges , interest payments, and maintenance of 
machinery where available. These costs are lower than ILCA ' s (1978) and 
Review Mission's (1977). Their figures were calculated based on total 
42 
ranch operating costs at a period when the sampled ranches had very low 
stocking rates as a result of the 1974- 76 drought. This had forced the 
per head average operating expenses to shoot up (ILCA 1978). There is, 
however, room to imp r ove these figures (Table 10) with comprehensive 
regional cost surveys. 
The price of livestock was based on the regional controlled price 
of red meat for the standard grade. These prices were , however, adjusted 
slightly down to cover the slaughter houses ' operating expenses. The 
adjustments ranged from Sh. 1.00 per kg. of cattle meat (Chemonics, Int. 
1977) to Shs. 0.50 per kg. of slaughtered small stock. Controlled 
prices are customarily higher in the urban centers than in the rural 
areas. 
TABLE 1 0 
COST OF PRODUCING LIVESTOCK , 1979 (Shs. /Head) 
Re ions 
Lives t ock On e Two Three Four Five S ix Seven Eight Nine Ten Eleven 
Cattle: 
Bulls 110 . 00 110.00 110.00 186.05 146. 40 2 32. 35 122. 10 163.10 315.00 310 . 00 250.00 
Cows 137 . 00 137.00 137.00 194. 95 1 74 . 20 23 1. 80 149 .90 1 74 . 10 315 .00 29 8 .00 240.00 
< 3 yrs. 
steers 104. 75 104. 75 104.75 155.80 140.86 189.70 116 .56 141. 00 265.70 253. OS 195.00 
2-3 y r s. 
steers 96 . 50 96.50 96.50 142 . 80 129.86 1 69 . 20 lO S . 56 130.00 252.00 230 .00 1 80.00 
l-2 yrs. 
steers 89.00 89.00 89 .00 124 . 76 113. 86 151. 20 89.56 115. 60 2 12 .00 180 . 00 160 .00 
> l yr. 
steers 51.50 51.50 51.50 114. 50 11 3. 30 150. 00 79 . 00 98 . 10 175.00 150.00 150. 00 
Small Stock: 
----- -----
Males ll. 50 ll. 50 ll. 50 14. 00 12.50 20.40 12.00 12. 00 22 .50 23. 30 23 .30 
Females 12 .10 12.10 12 .10 15.50 13.00 21. so 13.40 13.40 25.40 25.40 23 .50 
0- 3 y rs. 8 .85 8 . 85 8 .85 ll. 35 10.35 15. 35 10 .90 11. 50 19.35 19.85 17 .70 
.. 
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CHAPTER IV 
RESULTS AND ANALYSIS 
This chapter presents optimal solutions to the linear programming 
model developed as described in the previous chapter . Emphasis is mainly 
on the base year solutions. However, these "optimal" solutions may not 
represent what actually happened in 1979, particula rly because of the 
restricted veteri nary regulations in the movement of livestock. It also 
should be remembered that the results and their interpretation are based 
on the assumptions made previously. The program's objective was to min -
imize costs throughout all the regions based on the national production 
and demand for red meat. These results probably would be d ifferent if 
either fewer or more regions were delineated or if the regions were 
analyzed individually. 
Base Year Solutions 
This study used 1979 as the base year . For that year , total cost 
of producing and marketing red meat was K£2 . 15 million. The livestock 
owners earned a net profit of K£52.27 million. This net profit may 
appear overstated , but then one must remember that it included the value 
of home-consumed beef, which neve r reached the markets . Also , apart 
from its low production costs, it never faced any transportation costs. 
However , its opportunity cost was real. 
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Seasonal Forage Utilization 
Actual forage consumption for the base year is given in Table 11. 
Optimal forage utilization varied from season to season and from region 
to region . These consumption levels should be compared with the actual 
net forage available as indicated in Table 8. 
TABLE ll 
FORAGE UTILIZATION, 1979 (Stock Units) 
Seasons 
Region Dec - Feb Mar - May Jun - Aug Sep - Nov 
10, 898* * One--optimal 37 , 466 10,898 35 , 674 
Two- - optimal 2,747 4, 366 5 , 297 3,297 
Three--optimal 14,589 15' 255 16 , 172* 15 , 255 
Four--optimal 5,737 9,848 9 , 848 9 , 848 
Five - - optimal 40 ' 310 66,984 78 , 310 6 7' 6 37 
* Six--optimal 11,543 69 ' 369 11 , 54 3 71,11 3 
Seven--optimal 31, 806 37 , 248 57,991 45 , 078 
Eight--optima l 9,860 7, 370 4,426 4, 811 
Nine--optimal 2 , 766 2,766 6,534 2' 741 
Ten--optimal 1 2' 62 3 12' 62 3 20 , 399 8 , 956 
Eleven--optimal 67 ' 175 82 '550 69 , no* 39' 548 
* Al l available forage was fully utilized during that par-
ticular season . 
The production l evels indicate that regions one , three , six, and 
eleven had their forage fully utilized mainly during the dry seasons . 
The potential for expansion of livestock production in these regions is 
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minimal during the two dry periods unless livestock numbers can be in-
creased by import into those regions during each wet season. The limit-
ing factors seemed to be t he dry months , since large forage balances 
occurred during the wet seasons. 
Large forage balances were available in regions eight , seven, 
nine, and ten. Region one had also large balances in forage during the 
wet seasons . The rest of the regions seemed to have a well - balanced 
forage supply. 
Red Meat Production 
The regional livestock production to meet the national demand for 
red meat in the base year is presented for regions one through eleven . 
Seasonal forage supply was the major determinant in the level of p r oduc-
tion . The regional l ocation , with reference t o the major markets, 
determined what was shipped out of each region and , therefore , the total 
livestock produced in each region. 
Tables 12 through 15 indicate the seasonal shadow prices of pro-
ducing different categories of livestock at any particular season that 
were generated by the model. The " shadow" prices indicate the amount by 
which total costs would change if one more unit of a particul ar activity 
were added. 
Region one 
The optimal livestock offtake numbers in region one are given in 
Table 16. Production of the diffe rent categories of livesto ck varied 
over the seasons. Bulls were produced at the lower bound at all seasons 
except during the short rains (September - Oc tober ). M::>st of these bulls 
TABLE 12 
SEASONAL SHADOW PRICES , 1979 (Dec - Jieb Season--Shs./Stock Unit) 
Re9_ions 
One Two Three Four Five Six Seven Eight Nine Ten Eleven 
Bulls 
Actual 665 665 1,425 1,140 1, 482 1, 767 1,482 1,482 1 , 140 1 , 577 1 , 577 
Shadow 385 690 1, 425 1,128 1 , 507 623 1, 573 1 , 482 1 , 003 1,501 1 ,538 
CO\IJS 
Actual 665 665 1,425 1, 140 1, 482 1,767 1 , 482 1, 482 1 , 140 1 , 577 1 , 577 
S hadow 385 678 1,425 1 , 123 1,465 638 1, 560 1 ,4 82 1 , 030 1 , 540 1, 549 
< 3 yr steers 
Actua l 665 665 1,140 1,140 1, 767 2 , 080 1,482 1,482 1,140 1, 862 1, 577 
Sh adow 556 704 1,140 1,127 1, 712 1 , 140 1,482 1 ,4 82 1,140 1 , 947 1, 611 
2- 3 yr s t eers 
Actual 636 636 1,111 1,111 1,453 1,738 1, 453 1, 453 1,111 1, 538 1, 538 
Shadow 636 809 1, 250 1,245 1,711 1, 338 1, 728 1,607 1, 34 2 1 , 899 2 , 019 
Small Stock: 
----- -----
Males 
Actua l 1 , 045 1,045 1, 520 1 , 520 1 , 6 15 2 ,185 1,520 1 , 520 1, 520 1, 7 10 1,710 
Shadow 1 , 067 1,045 1, 624 1, 599 1, 740 2 ,191 1,576 1, 520 1, 6 71 1 , 897 1, 834 
Fema l es 
Actual 1, 045 1,045 1,520 1 , 520 1 , 615 1,615 1, 520 1 , 520 1,520 1 , 710 1, 720 
Shadow 1, 045 1,052 1, 599 1, 568 1, 725 2 , 1 85 1,520 1 , 669 1, 697 "' 1 , 774 1, 736 .... 
TABLE 12--Continued 
Re9_ions 
One '!Wo Three Fo ur Five Six 
0-3 yr o 1ds 
Actua l 1, 04 5 1, 045 1, 520 1, 520 1, 6 15 2 ,185 
Sh adow 1,045 1,045 1, 540 1 , 520 1, 703 2,185 
Seven Eight Nine 
1, 520 1,520 1,520 
1, 548 1,520 1 , 648 
Ten 
1 , 710 
1,939 
Eleven 
1, 710 
1, 875 
"" ()) 
TABLE l3 
SEASONAL SHADO<I PRICES , 1979 (Mar- May Season--Shs./Stock Unit) 
Regions 
One Two Three Four Five Six Seven Eight Nine Ten Eleven 
Bulls 
Actual 665 665 1,425 1,140 1 , 482 1 , 767 1 , 482 1 , 482 1,140 1 , 577 1 , 577 
Shadow 665 690 1,425 1 , 128 1,509 1 , 767 1 , 573 1,482 1 , 345 1, 501 1,538 
Cows 
Actual 665 665 1 ,425 1,140 1 , 482 1 , 767 1 , 482 1, 482 1 , 140 1 , 577 1 , 577 
Shadow 665 678 1;425 1,123 1,482 1 , 783 1 , 560 1, 482 1,030 1 , 540 1 , 549 
> 3 yr steers 
Actual 665 665 1,140 1,140 1 , 767 2 , 090 1 , 482 1,480 l , 140 1 , 862 1,. 577 
Shadow 752 704 1 , 140 1,123 1 , 753 2 , 028 1,482 1,482 1,140 1 , 947 1, 6 11 
2-3 yr steers 
Actual 636 636 l, 111 1,111 1,453 1 , 738 l , 453 1 , 453 l , 111 1,538 l , 538 
Shadow 775 839 1 , 250 1 , 245 1 , 711 2 , 024 l, 728 1,607 l , 342 1 , 899 2 , 019 
Small Stock : 
- ---- -----
Males 
Actua l 1,045 1,045 1,520 1,520 1,615 2 , 185 1 , 520 1 , 520 1,520 l , 710 1 , 710 
Shadow 1,098 1,045 1 , 624 1 , 599 1 , 740 2,281 1, 576 1,520 1 , 671 1 , 887 1 , 834 
Females 
Actual 1 , 045 1 , 045 1,520 1,520 1 , 615 2,185 1,520 1 , 520 1 , 520 l , 710 l , 710 
... Shadow 1,071 1 , 052 1 , 599 1,568 l, 725 2 , 257 1 , 583 1 , 520 1 , 696 1,774 l , 710 
"' 
TABLE 13--Continued 
---
Re9ions 
One Two Three Four Five Six 
0-3 yr o1ds 
Ac tual 1,045 1 , 045 1,520 1,520 1,615 2,185 
Shadow 1,065 1,045 1,560 1, 520 1 , 703 2,251 
Seven Eight Nine 
1,520 1,520 1 , 520 
1 , 548 1, 520 1,648 
Ten 
1,710 
1, 774 
Eleven 
1, 710 
1,765 
"' 0 
TABLE 14 
S EAS ONAL SHADOW PRICES , 1979 (Sep - Nov Season--Shs . /Stock Unit) 
---
Re9.ions 
One Two Three Four Five Six Seven Eight Nine Ten Eleven 
Bulls 
Actua l 665 665 1,425 1 ,140 1,482 1 , 762 1,482 1 , 482 1,140 1,577 1, 577 
Shadow 665 690 1, 425 1 ,128 1 , 509 1,762 1 , 503 1,482 1, 003 1, 501 1,538 
Cows 
Actua l 665 665 1,425 1 ,14 0 1 , 482 1, 767 1 , 482 1,482 1,140 1 , 577 1, 577 
Shadow 665 678 1 , 425 1 ,123 1, 4 82 • 1,783 1 , 560 1, 482 1,0 3~ 1, 540 1,549 
> 3 yr steers 
Actual 665 665 1 , 140 1,140 1, 767 2 , 082 1,482 1,140 1,140 1, 862 1, 577 
Shadow 752 704 1, 140 1 ,127 1, 753 2 , 057 1,482 1 ,140 1,140 1, 947 1, 577 
2-3 yr steers 
Actual 636 636 1,111 1,111 1,453 1, 738 1,453 1,4 53 1 , 111 1, 538 1,538 
Shadow 776 809 1, 250 1 , 245 1, 711 2 , 024 1 , 729 1,607 1, 342 1, 809 2 ,019 
Small Stock: 
----- -----
Males 
Actua l 1,045 1,045 1,520 1,520 1, 6 15 2 ,185 1 , 520 1 , 520 1,520 1, 710 1 , 7 10 
Shadow 1,099 1, 045 1 , 624 1,599 1, 740 2,282 1 , 5 76 1 , 520 1, 671 1, 897 1 , 834 
Females 
Actual 1,045 1 ,045 1, 520 1 , 520 1, 6 15 2,185 1, 520 1,520 1 , 520 1, 710 1 , 710 
U1 
Shadow 1,071 1, 052 1,599 1, 568 1 ,725 2,257 1, 582 1 , 520 1,669 1, 887 1,773 ..... 
TABLE 14--Continued 
-
__ _ Regions 
One Two Three Four Five Six 
0-3 yr o1ds 
Actual 1 , 045 1,045 1,520 1 , 520 1,615 2 , 185 
Shadow 1,065 1,045 1,560 1 , 520 1, 703 2 ,251 
Seven Eight Nine 
1, 520 1, 520 1,520 
1 , 548 1,520 1,648 
Ten 
1 , 710 
1 , 939 
Eleven 
1,710 
1 , 765 
tn 
"' 
TABLE 15 
SEASONAL SHADOW PRICES, 1979 (Jun - Aug Season--Shs . /S tock Unit) 
Re9_ions 
One TWo Three Four Five Six Seven Eigh t Nine Ten El even 
Bulls 
Actual 665 665 1,425 1,140 l, 482 1 , 762 1,482 l, 482 1 , 140 1, 577 1,577 
Shaibw 385 690 1,425 1,128 1, 509 623 1,573 1 , 482 1,003 l, 501 1, 504 
Cows 
Actua l 665 665 1,425 1 ,140 1, 482 1 , 767 1,482 1,482 1,140 1, 577 1 , 577 
Shadow 385 678 1, 425 1,123 1, 482 623 1, 560 1,482 1,030 1, 5 4 0 1, 51 4 
> 3 yr steers 
Actual 665 665 1,140 1,140 1 , 767 2 ,0 80 1, 482 1, 482 1 ,140 1 , 862 1, 577 
Shadow 556 704 1,140 1,123 1, 753 1, 140 1 , 482 1,482 1,140 1, 9 4 7 1, 577 
2 - 3 yr steers 
Actual 636 636 1,111 1 ,111 1, 453 1, 738 1, 45 3 1,453 1,111 1, 538 1 ,538 
Shadow 636 839 1,2 50 1, 245 1, 711 1,338 1 , 799 1 , 507 1 , 34 2 1,899 1,992 
Small Stock : 
----- -----
Males 
Actual 1,045 1, 045 1, 520 1,520 1 , 615 2 , 185 1, 520 1, 520 1, 520 1, 710 1,710 
Shaibw 1 , 067 1,045 1, 634 1,579 1 , 740 2 ,191 1 , 576 1, 520 1 , 670 1,897 1, 830 
Females 
Actua l 1,045 1,045 1, 520 1,520 1,615 2,185 1, 520 1, 520 1,520 1, 7 10 1, 710 
Shadow 1 , 045 1,052 1 , 599 1,568 1, 725 2 , 185 1,589 1, 520 1 , 669 1,887 1, 770 "' w 
TABLE 15--Continued 
Re9ions 
One Two Three Four Five Six 
0-3 yr olds 
Actual 1,045 1, 045 1,520 1,520 1 , 6 15 2 ,185 
Shadow 1,045 1,045 1,560 1, 520 1, 703 2,185 
Seven Eigh t Nine 
1 , 520 1, 520 1,520 
1,568 1, 520 1,648 
Ten 
1, 710 
1, 939 
Eleven 
1, 7 10 
1,763 
"' ..
TABLE 16 
REGION ONE--LIVESTOCK PRODUCTION (OFFTAKES ) AND TRANSFERS (1979 Base Year--Animal Head) 
Live - Season To tal 
stock Dry Wet Dry Wet Production Transfers Out Transfe rs In 
Bulls 13 13 12 461 499 197 (four) * 54 (e leve n) 
Cows 100 2 ' 341 100 100 2,641 981 (four) 
> 3 yr 
steers 500 2 , 750 500 2 , 750 6 , 500 --
- - 729(two) 1 , 308 (three ) 
2 - 3 yr 
12,041 
steers 34 ' 680 1, 586 34 , 680 82 '987 
{l , 398(two) 59 , 979(five) 
3 , 892(e l even) 8 , 054 (fo ur) 
l yr 
steer 
Total 92 , 628 
Cons umption Offtake 10 % 
Small Stock: 
----- --- --
Males 2 , 254 2 , 255 2 , 254 2, 255 9 , 018 l,053(five ) 
Females 29 , 249 57,818 5,000 57 , 818 149 ,895 5 , 306(five) 
0-3 yr 20 ,000 141 , 895 123,925 141 , 895 4 27,715 
Total 587 ,578 
Consumption Offta ke 32% 
* Numbe r s written out in parentheses refer to either destination or origin o f transfer . 
"' 
"' 
were shipped out of the area to regions four and eleven. An optimal 
solution in the production of culled cows was obtained only during the 
long rains. Production in all other seasons was at its lower bounds . 
Sixty percent of the culled cows produced were consumed within the 
region . 
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The production of steers was at its upper bound during the long 
and short rains. This was not sufficient for the regional demand , and 
extra steers were imported from regions two and three. Base solutions 
were obtained in the production of 2 - 3 year steers while production was 
at t he upper bound during the rainy periods. Most of these steers were 
shipped to regions two , four, five, and eleven. A total of 92 , 628 head 
of cattle were produced. 
Production of the male small stock (rams and billies) was at the 
upper bound for a ll seasons. A base solution was obtained in the off-
takes of the female small stock during the December - February dry period 
and the upper bounds reached during the two wet seasons. Upper bounds 
in the production of the young stock were reached during the wet seasons 
and an optimal solution given during the second dry period (June - August). 
The exports of the small stock were mainly to region five. A total of 
587 ,5 78 head of small stock were produced. 
Marginal costs in the production of red meat per livestock unit 
during the December- February dry season are: bulls--Shs. 2 79, cows --
Shs . 279, steers- - Shs . 108, and ma l e small stock-- Shs. - 22. This indi -
cates that region one has a disadvantage in producing cattle and an ad-
vantage in producing small stock during the dry seasns. Production for all 
classes of stock is favorable , with more cost savings during the wet seasons. 
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Region two 
Region two has a more even production of cattle throughout the 
seasons than any other region. Most of the culled bulls and culled cows 
are e xported to region six. As observed ea r lier , 3 year old s t eers are 
shipped to region one i n an apparent exchange for 2 - 3 year old steers . 
Some of the 2 - 3 year old steers are also transferred to region six. 
This is shown in Table 17. 
Production of the male small stock is lowest during the dry 
periods , rising to peak production during the last two seasons. Exports 
occurred to regions five , six, and e l even. Female small stock produc-
tion is spread over the seasons with most of their consumption occurring 
within the region and the rest shipped to region three. Production of 
the young stock occurred at optimal levels and consumed within the 
region. A total of 9 , 260 head of cattle and l06,0BO·head of small stock 
are produced in this region. 
The "shadow" p r ices indicate that increasing production activi-
ties by one livestock unit will add to costs: bulls --Shs. -25, cows--
Shs . - 13.45, steers--Shs. - 39.2 , 2 - 3 year old steers-- Shs. - 203 , and 
female small stock--Shs. - 7. 
This further indicates that region two , while holding an advan-
tage i n the production of all livestock classes , has an advantage in 
the production of two classes of steers. 
Region three 
Livestock production activities for region three are presented in 
Table 18. Production of the bulls occurs at the upper bounds during the 
wet seasons. Most of the bulls are exported to region ten. Production 
TABLE 17 
REGIO N TWO--LIVESTOCK PRODUCTION (OFFTAKES) AND TRANSFERS (1979 Base Year- - Animal Head) 
Season 
Li vestock Dry We t Dry Wet 
Bul l s 105 10 5 105 lOS 
Cows 840 840 840 840 
> 3 yr steers 500 500 500 500 
2 - 3 yr steers 870 870 870 870 
l yr steers 
Tota l 
Consumption Off take 
Small Stock: 
-- --- -----
Ma l es 33 1 , 375 4 , 896 4,896 
Females 8 , 000 8 , 000 8 , 000 8,000 
0 - 3 year o lds 3,750 24' 130 31, 250 3 , 750 
Tota l 
Co n s umpti on Offtake 
Tota l 
Product i on 
420 
3 ,360 
2 , 000 
3 , 480 
9 , 260 
ll% 
11, 200 
32 , 000 
62 , 880 
106 , 080 
28% 
Transfer Out 
375 (six ) * 
3, 124( six) 
729 (o ne) 
3 , 480(s i x) 
7 , 496 ( five) l, 535 (eleven) 
999 (six) 
10 , 745 ( three) 
Tra nsfers 
In 
l , 398 (one) 
* Numbers written out i n parentheses refer to ei t her destination or origin of t ransfe r . 
l.n 
"' 
TABLE 18 
REGION THREE--LIVESTOCK PRODUCTION (OFFTAKES) AND TRANSFERS ( 1979 Base Year--Animal Head) 
Season Total Transfers 
Livestock Dry Wet Dry Wet Production Transfers Out In 
* Bulls 75 529 8 528 1,140 17 (nine) 990(ten) 
Cows 2,115 2 ,115 3 , 776 2 ,115 10 '121 460(nine) 6 , 62l ( ten) 
> 3 yr steers l, 554 2 , 000 1,680 2 , 000 7 ' 234 1, 308(one ) 2 , 490(four) 
2-3 yr steers 2,538 2 , 538 2,538 2 , 538 10 ' 152 1,052 (six) 
1 yr steers 248 -- -- 248 248(six) 
Tota l ~8. 894 
Consumption Offtake 7% 
Small Stock: 
----- -----
Males 1 , 375 1 , 375 1 , 375 1,375 5,500 498(ten ) 
Fema l es 37 ,503 37 ' 503 37' 503 37,503 150,012 4 , 692 (nine) 65 ,186 (ten ) 10 , 745 (two ) 
0-3 year olds 87,500 87 , 500 87 , 500 87 , 500 350 ' 000 1, 417 (nine) 79 , 727 (ten) 
Total 505 , 5 12 
Consumption Offtake 40% 
* Numbers written out in parentheses refer to e ither destination or origin of transfer. 
tn 
"' 
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of culled cows is more evenly spread out through the four seasons . The 
major markets are in the coas t al regions nine and ten. Base so l utions 
in the production of steers occurs during the dry seasons, while produc-
tion reaches the upper bounds during the wet seasons. The steers are 
exp:>rted to regions one and four. The 2 - 3 year old steers are produced 
at the uppe r bound mainly for ~e home market. On ly a total of 248 
1 year old cattle are p r oduced during the December - February dry season 
and shipped to region six . A total of 28 , 89 4 head of cattle are 
produced. 
Production of small stock is at its upper bounds for all c lasses 
and during all seasons. All exports of small stock are destined to the 
Coast Province-- regions nine and ten. Some female small stock are im-
ported from region two to region three. Region three produces a total 
of 505,512 head of small stock , which is used for exports to aforemen-
tioned coastal markets and home consumption . 
Most of the cattle are produced at optimal level during all sea-
sons. Increasing the other activities adds to costs: 2 - 3 year old 
steers --Shs . 139, female small stock- -Shs. - 78.63 , young stock--Shs. 
- 39.57 , and male small stock--Shs. -104 . 0 1. The advantage in this 
region is in production of 2 - 3 year old steers and small stock. 
Region four 
Table 19 contains region four's livestock production and market-
ing activities . Production of bulls , cows , and mature steers are at 
their lowest level for the four seasons. All bulls produced in the 
region are exported to region e l even , with internal consumption require-
ments met by exports from region one. Culled cows are imported from 
TABLE 19 
REGION FOUR--LIVESTOCK PRODUCTION (OFFTAKES) AND TRANS FERS (1979 Base Year--Animal Head) 
Season 
Tota l 
Livestock Dry Wet Dry Wet Production Transfers Out Transfers In 
Bulls 10 10 10 10 40 40( e l e v en) * 197 (one) 
Cows 100 100 100 100 400 98 l( one) 
> 3 yr steers 200 200 200 200 800 2 , 490(three) 
2 - 3 yr steers 4,540 4,540 4,540 4,540 18 ,160 18 ,160 (six) 8 , 054(one) 
1 yr steers 2 ,460 2 ,460 2 ,460 2 , 460 ~ 9 , 840 (six) 
Total 29,200 
Consumption Of ftake 5% 
Sma ll Stock: 
----- -----
Males 1 , 248 1,248 1, 248 1,248 4,992 3, 560 (s ix) 
Females 18 ,750 18,750 18,750 18 , 750 75,000 17 , 234(five) 31 , 784 (six ) 
0-3 y r o 1ds 5,407 62,500 62,500 62 , 500 192 , 907 ll6,047( s ix) 
Tota l 271 ,467 
Consumption Offtake 4 8% 
* Numbers written out in parentheses refer to either destination or or i g in of transfer. 
"' I-" 
62 
region one to the low regional production . The region also imports 
steers from region three. Production of 2 - 3 year old steers is at its 
upper bound throughout the four seasons. All these steers are exported 
to region six , with regional internal requirements met from imports from 
region one. 
All mature small stock are produced at their upper bounds through -
out the four seasons. Exports of males occurs to region six. Female 
stock are exported to regions five and six. Production of young small 
stock is at the lower bound throughout the December - February dry season 
but remains at the upper bound for the following three seasons. Most of 
these stock are exported to region six . This region produces a total of 
271,467 head of small stock. 
Analysis of the cost effects shows that per livestock unit in-
creases production costs by: bulls- Shs. 12 , cows --Shs. 17 . 15 , steers - -
Shs. l3, 2 - 3 year old steers--Shs . 134. 19, l year old steers- -Shs. - 29 .1, 
male small stock--Shs. - 78, and female small stock-- Shs. -47.75. This 
region has advantage in producing mature small stock and young steers. 
Region five 
Production of beef is at the upper bound throughout all seasons 
except for culled cows (see Table 20). Very fe'N culled cows reached the 
markets during the first dry season. Mature steers are produced at the 
lower bound , indicating a slight disadvantage in producing this category 
of stock . This results in steers being imported from region eleven and 
bulls and culled cows being exported from region five to reg ion eleven. 
Production o f 2 - 3 year old steers is at the upper bound. The deficit 
TABLE 20 
REGION FIVE--LIVESTOCK PRODUCTIO N (OFFTAKES) AND TRANSFERS (1979 Base Year--Animal Head) 
Live- Season Total 
s t ock Dry Wet Dry Wet Production Transfer s Out Transfers In 
* Bull s 1, 543 1 , 543 1, 543 1, 543 6 , 172 1 , 045 ( e l even) 
Cows 2 , 000 28 ,6 73 40,000 29 ' 326 99 , 999 11 ,4 72 (eleven) 
> 3 yr 
steers 8 , 500 8 , 500 8,500 8 , 500 34 , 000 72 , 293 (eleven) 
2 - 3 yr 
steers 2 3 , 150 23 ,150 2 3, 150 23 ,1 50 92,600 59 , 979 (one) 9 , 330 (eleven) 
Total 232 , 771 
Consumption Offtake 8% 
Sma 11 Stock: 
----- -----
Males 3 , 905 3 , 905 3,905 3,905 1 5 , 620 7 , 053 (one ) 7 , 496(two) 
879 (seven) 
Females 100 ' 244 100 , 245 100 ' 2 4 5 100' 244 400 , 976 22 , 540 (four) 5 , 306 ( one) 
0-3 yr 
o 1ds 2 12,595 2 12 , 595 212 , 595 212,595 850 ' ~80 l79 , 342 ( e l even ) 
Total 1 , 266 , 976 
Consumption Offtake 38% 
* Numbers written o ut in parentheses refer to e i ther destination or origin of transfer. 
"' w 
in meeting regional demand for this class of beef is met by importing 
steers from regions one and eleven . 
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Small stock production remains at upper bound . There is a l so 
extra importation of male small stock from regions one, two , and seven; 
female small stock from regions one and four; and young small stock from 
region eleven. 
The region p r oduces a tota l of 232,771 head of cattle and 
1,266 , 976 head of small stock . Marginal costs on red meat production 
throughout the first season are: bulls --Shs. - 27.52, steers--Shs. 14.57 , 
young steers--Shs. - 258. 1 7, female small stock--Shs. - 109 .75, male small 
stock--Shs. - 124.66 , and young small stock-- Shs . - 88 . 96 . This indicates 
that , with the exception of mature steers , the region could economica l ly 
expand product io n of all other classes of livestock . Economic advantage 
is in expanding production of young steers and mature small stock. 
Region six 
As can be seen in Table 21 , this region records the highest eco-
nomic activity due to the heavy rural population concentrations toge t her 
with the l arge Nairobi Metropolitan Center. Bull production is at the 
lowe s t bounds throughout the dry seasons and only attained optimal l evel 
during the short rains . Product i on of cull ed cows falls into the same 
pattern with the disadvantage falling during the dry months. Production 
of cows has a large shadow price throughout the dry periods 
(Shs. 1,128 . 74) , wh i le a small shadow price (Shs . -15.77) occurs thr o ugh-
out the wet seasons . This indicates that cow production is more favor-
able through the v1e t seasons. Production of young steers shows the same 
pattern a s those shown by the other classes of cattle . 
TABLE 21 
REGION SIX--LIVESTOCK PRODUCTION (OFFTAKES) AND TRANSFERS (1979 Base Year--Animal Head) 
Live- Season Total 
stock Dry Wet Dry Wet Production Transfers In 
Bulls 25 243 25 1 , 987 2 , 280 375(two) * 2 , 175 (seven ) 
Cows 1 ,000 21, 124 1,000 21 , 124 44 , 248 3 ,124 (two) 59 ,44 8(seven) 7 , 618 ( e igh t) 
> 3 yr 324 (e leven ) 
steers -- -- -- -- -- 31 , 7l7(seven) 25 , 798(eleven) 
2-3 yr 3, 480 (two) l , 052(three) 18 , 160 (four ) 
steers 312 22,785 313 22,785 46' 195 16 , 589 (seven) 6 ,1 32 (eight) 46,926(eleven) 
l yr 
steers 625 32' 550 625 32,550 66,350 248(three) 35 , 000(seven) ll, 456( ten) 
Total 159 ,07 3 
Consumption Offtake 10% 
Small Stock: 
----- -----
Males 3 ,750 3,750 3,750 3,750 15,000 999(two) 3 , 560 (four) 
E'emales 86 ,047 86 , 047 53,609 86 ,047 3ll , 750 31 , 784 (four) 28 , 970 (seven) 31, 39l(eleven) 
0 - 3 yr 
olds 74' 150 212 , 743 109' 385 212,743 609,021 ll6 , 047 (four) 344, 4 77 (seven) 
Total 935 '771 
Consumption Offtake 34% 
* Numbers written out in parentheses refer to either destination or o rigin of transfer . 
"' 
"' 
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There is a large importation of cattle from several regions: 
bulls are imported from regions two and seven; culled cows from regions 
two, seven, eight, and eleven ; and steers from regions seven and eleven. 
Regions two, three, four, seven, eight , and eleven supply young steers 
while regions three , seven, and ten supply 1 year old cattle. The 
region produces 159,073 head of stock internally. 
Production of small stock is optimal for mature small stock and 
marginally optimal for young stock. Production is at the upper bound 
throughout the two wet seasons. The model indicates that increased pro-
duction of small stock during the wet seasons will reduce the overall 
cost of meeting national demand of red meat. A total of 935,771 head of 
small stock is produced within the region . The rest of the supply is 
obtained from: males from regions two and four; females from regions 
four, seven, and eleven; and young stock from regions four and seven. 
Costs are reduced by producing fewer beef bulls (Shs. 1,144.51) 
and beef cows (Shs. 1 , 128.74) during the dry seasons. The model indi -
cates positive savings by not producing mature steers in this region. 
Production of young steers has a disadvantage throughout the dry seasons. 
However, the production of young steers throughout the wet seasons has a 
cost of Shs. - 285.8. Expansion of small stock production throughout the 
wet seasons results in marginal cost reduction: females --Shs. 72.1, 
young stock--Shs. 66.38, and rnales - -Shs. -6.24, per LU increased. 
Thus, total savings due to change in production varies from 
season to season. The region has a disadvantage in producing mature 
cattle throughout the dry periods. 
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Region seven 
Table 22 presents region seven emerging as a strong supplier of 
beef to region six . This is explained by the fact that Masailand lies 
parallel to region six. Production of mature cattle is at the upper 
bounds throughout the four seasons. Mature steers are p roduced at 
optimal levels. Production of other steers is at the highest allowable 
level. This implies that cost savings are made by producing many more 
steers of this category fxorn region seven. All surplus cattle offtake 
is shipped to region six. 
Production of all categories of small stock is at its highest 
allowable level. The excess males are exported to region five, females 
to region six, and young stock are shipped to both region five and 
region six. 
A total of 170,113 head of cattle and 852,938 head of small stock 
are produced in the model. Increased livestock production results in 
cost reductions of: bulls --Shs. 91.05, cows --Shs. 78.47, young steers- -
Shs . 275.64, 1 year steers--Shs . 164.35, female small stock--Shs . 62.51 , 
male small stock-- Shs. 55.84, and young small stock--Shs. 28 . 32. Thus , 
region seven has an absolute advantage in producing all types of red 
meat. The greatest advantage, however, lays in expanding steer produc -
tion for markets. 
Region e ight 
Table 23 p resents an optimal productio n of bulls, cows , and mature 
steers in this region . All of this production, except for 7 , 618 head of 
cows exported to region six, were consumed within the region . The other 
classes o f beef are produced at the upper bounds . Most of these are 
TABLE 22 
REGION SEVEN--LIVESTOCK PRODUCTION (OFFTAKE$) AND TRANSFERS (1979 Base Year--An imal Hea d ) 
Season 
Total 
Livestock Dry Wet Dry Wet Production Transfers Out 
Bulls 612 612 612 6 12 2,448 2 ,175 (six) * 
Cows 12' 2 37 12,237 2 5' 000 12,237 61,711 59 ,448 (s ix) 
> 3 yr steers 375 5,290 1 6 ,477 16 , 477 38,619 31, 717 (six) 
2-3 yr steers 8,672 8,672 8 , 672 8 , 672 34,688 16,589 (six) 
l yr stee rs 5,000 10,000 10 , 000 10,000 35 , 000 35 , 000 (six) 
Total 170,113 
Consumption Offtake 17% 
Small Stock : 
----- -----
Males 1, 500 1 , 500 1,500 1,500 6,000 879 ( five ) 
Females 29 ,942 29 ' 942 29 , 942 29 , 942 119' 768 28 , 970 (six) 
0-3 yr olds 181 , 792 181,793 18 1, 792 1 81,793 729 ' 170 344,477( s ix) 148, 506 (five) 
Total 852 ,93 8 
Cons umption Offtake 31% 
* Numbers written out in parentheses refer to either destination or origin of transfer. 
"' 00 
TABLE 23 
REGION EIQIT--LIVESTOCK PRODUCTION (OFFTAKES) AND TRANSFERS (1979 Base Year--Animal Head) 
Season 
Total Transfers 
Livestock Dry Wet Dry Wet Production Transfers Out In 
Bulls 8 8 7 136 158 
Cows 2. 300 2. 301 2, 300 2, 301 9,017 7,618 (six) * 
> 3 yr steers 3,832 275 275 275 4 , 657 
2-3 yr steers 1,927 1,927 l, 927 1,927 7 . 708 6,132 (six) 7 , 295 (nine) 
1 year steers 1, 377 1,377 1 ,377 10 , 000 ~ 5 , 508(six) 
1'otal 27 . 048 
Consumption Offtake 8% 
Small S tock: 
---- - - ----
Ma l es 7 7 2. 307 3 ,40 8 5 , 729 l , 31B(nine) 4,06l(ten) 
Females 375 375 375 4,040 5,165 1, 15l(nine) 
0-3 yr olds 62 .6 76 62 , 676 3,910 1,000 130,2 62 105 , 372 (ten) 
Total 141 , 156 
Consumption Offtake 30% 
* Numbers written out in parentheses refer to either destination or origin of transfer. 
"' 
"' 
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exported to region six , while region eight supplements its 2 - 3 year o l d 
steer s by importing some 7,295 head from region nine. 
Mature small stock production is at its lowest level throughout 
the first half of the year . Optimum production is obtained during the 
short rainy season. Production of young stock shows the opposite trend, 
with optimum production occurring early i n the year while lo~~st produc-
tion falls during the short rains. Mature small stock are shipped to 
the coastal regions. Over 80 percent of young stock produced in this 
region are exported to region ten. 
Generally , this region has optimal regional production in all 
categories of red meats . Young steers , however , have a slight advantage 
over the rest of the livestock . 
Region nine 
Region n i ne shows an advantage in producing immature steers (2 -
3 year olds) throughout the year (see Table 24). Increased production 
of this class of stock r educes cost by Shs. 23 1 .34. Optimal production 
of mature steers occurs during the last half of the year. The disad-
vantage in producing mature catt l e is offset by importing this c l ass of 
stock from region three. The steers produced are exported to both 
regions eight and ten. 
The advantage in this region lays in the production of small 
stock. Increased production results in cost savings of: male small 
stock--Shs. 150.84, female sma l l stock--Shs. 149.24, and young small 
stock--Shs. 128. 3B. Production of sma l l stock is at the upper bound, 
with a total of 56 , 616 head produced within the region . There is an 
importation of males from region eight (possibly from the Tana River 
TABLE 24 
REGION NINE- - LIVESTOCK PRODUCTION (OFFTAKES) AND TRANSFERS (1979 Base Year--Animal Head) 
Season Total 
Livestock Dry Wet Dry Wet Production Transfers Out Transfers In 
Bulls -- -- -- -- 17 (three) * 
Cows 15 15 15 15 60 460(three) 
> 3 yr steers 25 25 1, 793 2 ,000 3 , 843 3 , 311(ten) 
2-3 yr steers 2' 125 2 ' 125 2,125 2' 125 8 , 500 7, 295 (eight) 39 (ten) 
1 yr steers 
Total 12,403 
Consumption Offtake 3% 
Small Stock: 
----- - ----
Males 175 175 175 175 700 700(ten) 1, 318(eight) 
Females 2,564 2 , 564 2 , 564 2,564 10,256 4,692(three) 1 , 151 (eight) 
0-3 yr olds 11,415 11,415 11' 415 11,415 45 , 660 1 , 417(three) 
Total 56 , 616 
Consumption Offtake 4 7% 
* Numbers written out in parentheses refer to either destination or origin of transfer. 
_, 
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District) of females from both regions three and eight and an importa-
tion of young stock from region three. The model also shows region 
eight exporting a fe•11 male small stock to region ten . 
Region ten 
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The large metropolitan centers of Mombasa and Malindi turn this 
region into a heavy importer of all categori es of livestock (see Table 
25) . Bull product ion, as well as cul led cow production, are the lowest 
allowable levels. These two classes of livestock have marginal produc-
tion costs of Shs. 75.6 for bulls and Shs. 36.6 f or cows. The other 
classes of cattle are produced at their respectful upper bounds. In-
creased production ~esults in reduced costs of: mature steers- - Shs. 
85.45, young steers--Shs. 361.25 , and l year old steers--Shs. 149.83. 
This means that the region has a big comparative advantage in producing 
steers. The advantage lies in the production of 2 - 3 year old steers. 
This region relies on regions three and nine for supplies of imported 
beef . It also exports young stee rs to region six. 
All categories of small stock are produced at their upper bounds . 
The model indicates that further cost savings are available by producing 
more small stock within the region . The national cost of producing red 
meat is reduced by as much as Shs. 229.43 , and/or Shs. 176 . 84 by increas-
ing the production o f one livestock unit in the form of young stock and 
mature females, respectively. Most of the small stock imports to the 
region are from regions three and eight. 
Region eleven 
Table 26 presents the livestock activities as generated by the 
TABLE 25 
REGION TEN--LIVESTOCK PRODUCTION (OFFTAKES ) AND TRANSFERS (1979 Base Year--Animal Head) 
Season Total Transfers 
Livestock Dry Wet Dry Wet Production Out Transfers In 
Bulls 75 75 75 75 300 
Cows 500 500 500 500 2 , 000 6,62l(three) * 
> 3 yr steers 7,776 7 ' 776 7' 776 7' 776 31,104 3, 3ll(nine) 
2 - 3 yr steers 1,625 1 , 625 1,625 1,625 6,500 39 (nine) 
1 yr steers l, 152 1 , 152 1 , 152 8,000 11,456 ll , 456(six) 
Total 51, 360 
Consumption Offtake 19% 
Small Stock: 
----- - ----
Males 375 375 375 375 1 , 500 498(three) 4,06l(eight) 
700(nine) 
~.,emales 7 , 695 7 , 695 7,695 7 , 695 30,780 65 , 186 (three) 
0 - 3 year olds 26 , 184 26 , 184 26 ,184 26,184 104' 736 79, 727(three) 105,372 (e ight ) 
Total 137,016 
Consumption Offtake 28% 
* Numbers written out in parentheses refer to either destination or origin of transfer. 
__, 
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TABLE 26 
REGION ELEVEN--LIVESTOCK PRODUCTION (OFFTAKES) AND TRANSFERS (1979 Base Year--Animal Head) 
Live - Season 
Total 
Produc-
stock Dry viet Dry Wet tion Transfers Out Transfers In 
Bulls 25 25 25 25 100 40 (four) * l,045(five) 
54 (one ) 
Cows 350 350 350 350 1 , 050 342 (six) 11,472 ( five) 
> 3 yr 
steers 44,625 60,000 250 46 , 309 151,184 72 , 293( five) 25 , 798(six) 
2- 3 yr 
steers 8 ,75 2 8, 752 8,752 30,000 56 , 256 9,330(five) 46,926 (s i x) 3 , 892 (one) 
l yr 
steers 
---
Total 360,932 
Consumption Offtake 24% 
Small Stock: 
----- -----
Males 1 , 625 1,625 1,625 1,625 6,500 l , 535 (two) 
Fema l es 45,200 45 , 200 45 , 200 45 , 200 180 . 800 31 , 391 (six) 
0-3 yr 
o lds 147 , 643 147 , 643 147 , 643 147,643 590,572 l79,342(five) 
Total 777.872 
Consumption Offtake 33% 
* Numbers written out in parentheses refer to either destination or origin of transfer. ...., 
"' 
model . Mature cows are produced at the upper bound in the region with 
extra supplies imported from regions one , four , and five. 
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Production of steers varies with seasons . This r egion produces 
more steers d uring the first dry season than any other region . Produc-
tion during the second dry season is very minimal. More savings are 
made (Shs. 481.83) by increasing production of young steers by one LU. 
This region imports a few immature steers from region one and exports 
two classes of steers to regions five and six . 
This region has an advantage in producing small stock. Small 
stock are produced at the maximum allowable levels. Some of these are 
exported to regions five and six , while mature male small stock are 
imported from regiOn two. 
The model indicates that substantial cost savings are avai lab l e 
by increasing the production of several classes of livestock. These 
savings are: bulls --Shs . 38.59, cows --Shs. 28.31 , mature steers--
Shs . 34.4 (during first half of year), young steers-- Shs. 481. 83 , 
female small stock- - Shs. 63.52, young stock--Shs. 55.22, and male small 
stock--Shs. 123.72. Thus, it is more economica l to increase production 
of steers , particularly those between 2 and 3 years ; this also is true 
for small stock 
Simulated Reduction in Available 
Forage in Region Eleven 
Region eleven and parts of region four cover areas that have been 
developed as commercial ranches over many years. These regions have 
supplied the urban areas with good quality beef for several decades , 
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but this source is now threatened by settlement schemes and consequent 
land subdivision. 
Increased resett l ement is expected to have an adverse effect on 
the capability of these regions to produce beef, particularly during the 
dry seasons. This is mainly because settlements tend to spread from 
ecologically-favorable producing areas (Zone III) to the marginal pro-
ducing areas that are heavily relied on for grazing during wet peri ods. 
Two simulations were incorporated into the base model. The fi rst 
one involved a 43 percent (30, 000 LU) reduction of the surplus forage 
available during the dry months . The results are shown in Table 27 . 
The second simulation involved a 90 percent (60 , 000 LU) reduction of the 
excess forage avai labl e in region eleven as calculated earlier in Table 
9. These calculation results are shown in tabular form later in this 
section. 
43 percent forage cut in 
region eleven 
The results presented in Table 27 indicate that this reduction 
has very l ittle affect on the overall trend in red meat production. The 
changes in production affects the supply of mature steers involving 
regions five, six , s even, and e l even . Other livestock sectors are 
unaffected. Production of mature steers in region eleven fal l s by more 
than 60 percent during the December - February season. This results in 
a market reduction i n animals exported to regions five and six from 
region eleven. 
The reduction in exportation from region eleven is met by increas -
ing production in region five to meet internal needs and by increasing 
TABLE 27 
LI VESTOCK PRODUCTION CHANGES , 4 3% FORAGE CUT IN REGION ELEVEN (Mature Steers) 
Seasonal Pr oduction 
Tota l 
Region Dry We t Dry Wet Produc t i o n Trans f ers Out Transfers I n 
Five 18 , 511 1 8 , 511 18 , 511 1 29 55 , 662 
- - - 38 , 963 ( e l even)* 
Six -- -- -- -- 27 , 289 (sev e n) 
-19 , 103 (e l e v e n) 
Seven 16 , 102 11,187 
-- -- 2 7 ' 289 27 , 289 (seven) 
El even -28 , 066 
-- - - -30 , 000 - 58 , 066 
- 38 , 963 ( f i ve ) 
- 79 ,103 (six ) 
* Numbers writ t en o u t i n parentheses r e f er to e i t her destinati on or ori g in o f t ransfers . 
-J 
-J 
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production and exports from region seven to replace losses in mature 
steer exports from region eleven to region six. 
One observation in Table 27 is that replacement figures repre -
senting head of stock are not equal. A reduction of 19 ,103 head of 
steers from region eleven is replaced by 27,289 head of steers from 
region seven. The difference is due to the fact that steers from region 
eleven weigh 190 kg. CDW while those from region seven weigh 133 kg . CD\~ . 
Demand in red meat is expressed in terms of kg. of COW, and both cate-
gories of steers add up to the same weight of beef exported to region 
six (3.6 million kg.} from either region seven or region eleven. 
90 percent forage reduction 
in region eleven 
This large reduction involves eliminating most of th~ ~resent 
estimated excess (above subsistent requirement}, 60 , 000 LU. Such a 
large cut , which is highly likely in the future, means a subsistent 
tillage of most of Zone III in Nakuru , Laikipia, and Kericho districts. 
It is the policy of the Kenyan goverrunen t to settle people "on former 
large scale farms, so that more people will be employed and the land 
will be used more intensively" (Development Plan, 1974, p . 199). Fur-
ther cooperative or total settlement allocation of most of the l arge 
ranching farms which are l ater subdivided into small individual plots 
would have such drastic effects. This is already going on in several 
parts of Nakuru district (ILCA , 1978) . 
The model solution indicates that such large reduction in forage 
available in region eleven has a drastic affect on the pattern of red 
meat production and intraregional shipments in all livestock-producing 
areas of Kenya . Changes that were observed are following. 
Cattle-- culled cows. The changes in the production and supply of 
culled c ows is indicated in Table 28. The offtake of culled cows is 
affected in three regions. Both regions one and five increased their 
seasonal production while region three reduced the dry seasons' output 
by 52 percent. The model indicates large savings in oosts by not pro-
ducing beef cows in region eleven while optimal production: is reached in 
region five. Culled cows offtake shows better returTis in most of the 
regions during the wet seasons. 
There is a marked shift in market flows of culled cows . Ship-
ments from region three to ten are halted and replaced by exports from 
region eight. Region eleven transfers to region five are rerouted to 
region six . Region four produces for region six, importing its entire 
requirements from region one. The model also indicates region five be -
c oming an important supplier o f this class of stock to r;gion six. 
Cattle--mature steers. Steer production is heavily affected by 
the reduction of grazing availability in region eleven . Except for 
regions two, six, and ten, all regions increased their total output as 
shown in Table 29. The model shows that large cost reductions are made 
by producing more steers starting with region ten (Shs. 2 ,111.50) , 
region nine (Shs. 2,026.05) , region seven (Shs . 1,548.81), and region 
five (Shs. 1,537.21). Similar magnitudes in cost savings are made by 
expanding production in region six during the rainy periods. Increased 
production in all other regions except region two have similar marginal 
costs. 
Re duced steer production in region eleven means a reduction in 
exports from t h is region to regions five a nd six. The largest reduction 
Region 
One 
Three 
Four 
Five 
Six 
Eight 
Ten 
Eleven 
TABLE 28 
ADJUSTMENTS IN CULLED COO PRODUCTION (Animal Head) 
Seasonal Production 
Dry Wet Dry 
400 
- 731 
-2 ' 324 
2,001 653 
Transfers Out 
* 400 (four) 
-3,055(ten) 
400(six) 
l, 596 (six) 
-3,055 (six) 3,055(ten) 
- 1, 058( five) l,058(six) 
Transfers In 
400(one) 
-l , 058(eleven) 
-3 , 055 ( e ight) 
l , 596(five) 
-3,055 (three) 
l,058(eleven) 
400(six) 
3 , 055 (eight) 
*Numbers written out in parentheses refer to either destinatio n or origin of 
transfers. 
"' 0 
TABLE 29 
ADJUSTMENTS IN MATURE STEERS PRODUCTION (Animal Head ) 
Seasonal Production 
Reg i on Dry Wet Dry We t Transfers Out Trans f ers In 
* One 2,250 2,250 2 ,463(four) - 729 (two) -1 , 308(three) 
Two - 729 (one) 729 (s ix) 
Three 3,446 3, 32 1 -1 , 308 (one) -l,663 (four) 
9 , 737(six) 
Four 1,925 1 , 9 25 1 ,9 25 1 , 925 8 , 500(eleven) 2 , 4 63 (one) - l, 663 (three ) 
Five 18 , 511 18,511 18,511 18 , 511 - 26 , 726 (eleven ) l9 , 799 (s even) 
Six 9 , 737(three) 17 , 6 16 (e i ght ) 
897 (ten) 7 , 4 9 1 (seven ) 
- 25 , 798 (e leven ) 
Seven 16 ,102 11,187 7 , 49 l(six) 19 , 799 (five ) 
Eight 572 4 , 1 29 4,129 4,129 17 , 616 (six) 3 , 260 (nine ) 
Nine 1 , 975 1 , 975 207 3 , 260 ( e ight) 897(ten) 
Ten 897(six) 897 (nine) 
Eleven - 44 , 375 - 8 ,1 78 - 44,886 - 65 ,690 (five ) - 25 , 798(six) 8 , 500 (four) 
* Numbers written out in parentheses refer to eithe r dest inat i on or origin o f transfers. 00 
,... 
(90 percent) is on steers marketed to r egion six. This shortage is 
p icked by increasing intraregional production supplemented by more sup-
plies from region seven to six . Regions three , eight, and ten also play 
prominent parts in supplying steers to the large metropolitan population 
of region six. Region four supplements region eleven with the latter ' s 
falling production. Region nine boosts the suppl y of region eight, thus, 
making it possibl e for region eight to re l ease its production to region 
six . 
Cattle--young steers . Forage production in region eleven has 
very little effect on the production and marketing of the rest of the 
cattle classes. The offtake of 2 year old steers is affected only in 
regions one and e l even. The December-February production is reduced 
in both regions. Further reducti ons are observed in region eleven , 
thus, affecting the supply of this category of steers to region five. 
Production in region one is increased during the third season , with the 
surplus marketed to region five to offset the reduced supply from region 
eleven (see Table 30). 
The supply of 1 yea r old steers are reduced from region four, 
apparently , to allow for increased offtake of mature steers. This re-
duction affects the supply of 1 yea r old steers to region six . However , 
this was offset by region three's i ncrease in production and suppl y of 
this same class of steer to region six. 
Smal l stock--culled males. A 1 percent change in culled males' 
output is observed in region eleven during the first three seasons of 
the year. Production a l so decreases in both regions one and six during 
TABLE 30 
ADJUSTMENTS IN THE PRODUCTION OF YOUNG STEERS (Animal Head) 
Seasonal Production 
Region Dry \~et Dry Wet Transfe rs Out Transfers In 
2 - 3 Year Steers 
---------------
One 
-1, 710 6 , 248 4, 538 (five) * 
Five 4,538(one ) 
- 2 , 836(eleven) 
Eleven 
-418 
-2,418 
- 2 , 836(five) 
1 Year Steers 
-------------
Three 
- 248 2 ,2 20 866 2 , 839 (six) 
Four 
-1, 420 
-1,420 
- 2 , 840(four) 
Six 2, 839 (three) 
- 2 , 840 ( four) 
* Numbers written out in parentheses refer to either destination or origin of 
transfers. 
"' w 
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the dry seasons but shows a marked increase in regions two and eight 
(see Table 31) . 
Region t•.vo plays an important role by meeting requirements of 
region five after the latter ' s reduced supply from region one. It also 
ships some animals to regions one , six, and eleven to meet these regions ' 
reduced internal production. Region eight also becomes a major supplier 
by shipping its entire increase in production to region six . 
Small stock--culled females. Production of female stock repeats 
the same pattern as that of male stock . Reduction in production is ob-
served in regions one , six , and eleven. Region eleven records a more 
than 80 percent reduction in production during the first three seasons 
of the year. Siffiilar large production deficits occur in region six 
during the two dry seasons·. 
Marginal costs indicate large savings are made by increasing 
production in region one--Shs. 107.57 during the dry months and 
Shs. 179.33 during the wet months. Regions two and four also offer 
large advantages in cost savings if production is increased. 
Table 32 indicates a general trend for most of the regions trying 
to be self-sufficient and export very little to other areas. Region two 
stops its shipment to region three and transfers this export to region 
four. Region four ceases to be a major exporter of culled nannies as it 
increases its production of both mature steers and young small stock. 
Most of regions six and eleven requirements are met mainly from region 
seven. Region eight, however, dominates the interregion exports with 
shipments to regions six, seven, and nine. 
Region 
One 
Two 
Five 
Six 
Eight 
Eleve n 
TABLE 31 
ADJUSTMENTS IN CULLED MALE PRODUCTION (Animal He ad) 
Seasonal Production 
Dry Wet Dry Exports Imports 
- 2,004 
-2,00 5 - l,053(five) * 2,956 (two) 
4,863 3,521 2,956 (one) l,053(five) 
-24 3(six) 4, 132 (eleven) 
-1,053 (one) 1,053(two) 
-3,625 
-3, 625 
- 243 (two) 7 , 369 (eight) 
3 , 402 2 , 866 1,102 7, 369 (six) 
- 1, 402 
-1,402 
-1,402 4, l32(two) 
*Numbers written out in parentheses refer to either destination or origin of transfers. 
C)) 
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Region 
One 
Two 
Three 
Four 
Five 
Six 
Seven 
Eight 
Nine 
Ten 
Eleven 
TABLE 32 
ADJUSTMENTS IN CULLED FEMALE STOCK PRODUCTION (Anima l He ad) 
Seasonal Production 
Dry Wet Dry Wet Exports Imports 
* -5' 306 -5, 306 (five) 
-10, 745(three) 10, 745 (four) 
- 4 , 692 (nine) - 6 , 053(ten) -10, 745 (two) 
-17 , 234 (five) -31,784 (s ix) 1 0 , 745(two) 
- 5 ,306(one) -17, 2 34 (four) 
- 81,672 -49,234 - 31 ,784 (four) 30,828(seven) 
l30,912(eight) -31, 39l(eleven) 
30 ,828(six) 31,553(eleven) 67 , 33l(eight) 
105,64 5 108,460 l30,912(six) 67, 33l(seven) 
15,862(nine) 
6 , 254(ten) -4 , 692(three) 17 ,Ol3(eight) 
- 6 , 05 3 (three) 6 , 254(nine) 
-36, 587 -40,200 -40,200 -31, 39 1(six) 31,553 (s even) 59,764(four) 
*Numbers written out in parentheses refer to either destination or origin of transfers. 
• 
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Small stock- - young stock. Region eleven shows large reductions 
in the product ion of young stock during the dry seasons. Production is 
at upper bounds during the short rains but expanded production is 
achieved economically during this season. Region two increases its 
production as region one decreases it , hence, region one decreases its 
exports to region two. Savings of Shs. 138.83 is achieved by increasing 
per livestock unit production of young stock in region one during wet 
seasons . Stepped-up production also is noticed in regions four, six, 
and eight. 
Table 33 presents the adjustments that occur in young stock pro-
duction. Region seven rechannels its exports from region six to region 
five. Region six requirements are met through increases in intraregional 
production and with some imports from region eight. A r~du?tion in pro-
duction in region eleven results in market imports from region four . 
Region four ' s exports replaces region eleven imports from region fi ve. 
TABLE 33 
ADJUS1'MENTS IN YOUNG STOCK PRODUCTION (Animal Head) 
Seasonal Production 
Region Dry Wet Dry 
--
One -62' 120 
Two 2 7' 500 7' 120 
Four 57,093 
Five 
Six 93,651 58,416 
Seven 
Eight 58 , 766 
Eleven -133,893 
-127' 107 
Wet Exports 
2 , 750 
- 26,833 (six) 83,925(eleven) 
- 228 , 816 (six) 228,816(five) 
61,676 120,442 (six) 
- 179 , 345(five) 
Imports 
* - 62 , 120 (one) 
-l79, 345 (el even ) 228,816(seven) 
-22 8 , 816(seven ) l20 , 442(eight) 
83 , 925 (four) 
* Numbers written out in parentheses refer to either destination or origin of transfers. 
(X) 
(X) 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Beef production will always remain a major production sector 
because most of Kenya is rangeland, suitable only for either livestock 
keeping or wildlife habitation. Livestock remains the major source of 
income and subsistent living for the majority of people living in the 
pastoral districts of Kenya. The purpose of this study was to develop 
a production and transportation model that yields optimal solutions to 
the production and supply of red meat to meet national requirements 
under: (l) 1979 forage supply conditions , and (2) region eleven ' s 
forage reductions due to resettlement schemes and land subdivision. 
Conclusions 
The base year (1979) yields the least- cost regional sources and 
distributional patterns for supplying red meat for that year. Forage 
availability and regional location in relation to major urban areas are 
major factors determining red meat production . 
All regions show a very high cost of suppl ying red meat from 
culled bulls compared to other classes of livestock . Base year simula-
tion shows that regions two, three , five, and seven have a comparative 
advantage in producing bulls. The greater disadvantage lays with region 
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six. Bulls are, therefore, an expensive means of supplying beef and 
less of the same should be p roduced. 
Production of cows shows the same pattern as for bulls. The wet 
seasons favor increases i n product ion of cows in more regions than they 
do for bulls. 
Regions one and six have the d i sadvantage in p roducing both bulls 
and cows during the dry seasons . This conclusion is based on beef pro -
duction since milk production is not included in the model. Large mar-
ginal costs in the p r oduction of "breeding herds" do not mean that pro -
duction is uneconomical. In many areas, beef production from this class 
of livestock is secondary to dairy production. 
It apparent ly is uneconomical to raise steers to rna ture levels in 
region six in any season. Savings , though on a smaller magnitude, are 
made by not producing steers to mature levels in regions four and five. 
Such steers are produce d with good results during the dry seasons in 
region one. The country could optimally produce mature steers in all 
the other regions. The advantage is found in producing these steers in 
regions ten, nine , seven, and two. Region eleven has similar advantages 
in p r oducing mature steers during the wet seasons. This indicates that 
mature steers can be rais ed or finished profitably in regions nine and 
ten and on l y during the wet seasons in region eleven. It should be 
remembered that level of management is very important in deciding where 
to produce. 
Young steers (2 - 3 years) can be expanded economically in all re-
gions. Regional advantage in their production is in the following order: 
eleven , ten , seven , five, nine , two, eight, one, three, four , and six. 
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While regions eleven and ten have overall comparati ve advantage through -
out the year, region six has an advantage in having steers only during 
the wet seasons. 
Regions eleven , seven , and three stand p r ominently, in that order, 
in ~~e supply of beef to markets. This compares favorably with the 
normal pattern of interregional beef supply in the country. The advan-
tage in beef production is in regions e leven , ten , nine , and seven. 
The model indicates that all regions can profitably increase pro-
duction of a l l classes of small stock. Considerable advantage can be 
achieved by increasing production of small stock in regions nine and ten. 
This , apparently , is due to the small "shoats" popul ation in an area 
•Nith a large urban center of Mombasa. Regions five and eleven are the 
next areas showing large advantages i n expanding production of sma l l 
stock. 
The simul ated forage reduction shows that increased cul tivation 
in region eleven does not very much affect the suppl y of red meat . The 
supply still can be met at an added cost of K£262 , 056 . Shifts in the 
pattern of production and exports are necessary in order to meet the 
demand fo r red meat. 
The production of "breeding cattle 11 changes very little except 
for an increased output in region five to meet the reduction in supply 
from region eleven . It becomes necessary for this region to become 
self- sufficient in culled cows and export some to region six. Region 
' three also has to change its pattern of production by increasing produc-
tion of mature steer s at the expense of culled cows . 
92 
The largest increase in oosts due to region eleven's cut in 
forage availability occurs through a wide diversification in the produc-
tion of steers. Diversification means increasing production of steers 
in some regions that have shown t o have a disadvantage in the base 
model . 
All regions show a large cost savings by p roducing steers. 
Regions ten, seven, and five have the advantage while regions one , 
three, and four have the disadvantage. This indicates that it is prof-
itabl e to purchase young steers from regions one , three, and four and 
finish them in regions ten, seven , and five. Finishing of steers also 
is profitable in region eleven during the rainy seasons. 
There is no change i n the production of male small stock. Diver-
sification in the production of steers in region one also reduces pro-
duction of small stock. Regions two, seven, and eight become the most 
important suppliers of small stock. It is very profitable to increase 
produc tion of young stock in region six during the wet seasons . This 
occurs despite the reduction of small stock breeding herds in the same 
region . Big cost reductions are made by increasing small stock produc-
tion in regions nine and ten. 
The base solution indicates that the major markets are: 
l . Region six--mainly supplied by regions four, seven, eight, 
and ten i n beef and by regions four , seven, and eleven in small stock. 
2. Region five --mainly supplied by regions one and eleven in 
beef and by regions one, four , and eleven in small stock . 
3. Region ten--mainly supplied by regions three and nine in beef 
and by regions three and eight in small stock. 
93 
In the simulated forage reduction model, region eight increased 
its livestock shipment to region six. Region seven had to divert most 
of its production to region five, importing 20 percent of its small 
stock requirement from region eight. 
Diversification in regional livestock production is eminently 
visible with the reduction in region eleven ' s potential to produce live-
stock. In both models, region three does not play a prominent role des -
pite its size. Region eight is more important in meeting market demands. 
Recommendations 
Solution of the present livestock production problems in Kenya 
calls for a larger research than this study offers. The author would 
recommend a larger seal~ of study incorporating the dairy sector as well 
~ ~ 
/ , · 
as other sources of red meat (swine, poultry, etc.). A larger study 
involving all range resources beneficial to the country would indicate 
the full productivity of Kenyan rangelands. 
The present study assumes unrestricted movement of livestock from 
surplus areas to deficit regions . This is assumed even though present 
veterinary regulations prohibit some interregional movements. A study 
on the cost of this prohibitation, particularly between regions one and 
five, is recommended. This study also should show whether it is econom-
ical to haul animals between regions by lorries for immediate slaughter. 
Settlements in the Rift Valley do not seem to bring deficits in 
the red meat supply only if increased production is met particularly 
from regions two, five, seven, and eight. Region ten indicates a large 
advantage in production of steers, but the total offtake is restricted 
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by the number of steers in the region. The model recommends more invest-
ments in livestock facilities in regions five, seven, and eight. Extra 
forage available in regions six and eleven during the wet seasons could 
boost the supply of red meat. The model indicates that it is profitable 
t o produce young stock for the market during the rainy periods in region 
six. This calls for either the importation of this category of stock to 
the region during the two seasons, or, if supplemental feeding can be 
found during the June -August dry months, then it is possible to bring 
intraregionally-born young small stock to market in nine months. 
Since region ten shows an advantage in producing steers, present 
ranching activities are emphasized even more in view of the present 
likelihood of large reductions of livestock keeping potential of region 
eleven. 
Thus, it appears that the country has the capacity to satisfy the 
demand for red meat if more widespread livestock production is empha-
sized. Diversification calls for added capital costs since most of the 
already developed areas are fully stocked. The model shows that the 
indicated diversification would raise the total operating costs by 12.3 
percent. The increase in operating costs, extra capital costs, and the 
possible year-to-year inflationary trend would mean regular increases or 
government appraisal of red meat prices. The price incentive will be a 
necessary component of successful diversification in production. 
Total salable output is based on the assumption that the live-
stock holders will always be willing to sell their stock. This is not 
always the case, and lack of supplies, as indicated, would affect the 
optimal solution . Fortunately, most pastoralists are becoming 
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c ommercially minded and are willing to sell their stock whenever they 
think the price given is right. Transformation of traditional subsis -
tent livestock husbandry into systems increasingly oriented towards pro-
duction for the market has been a Kenyan government objective. 
The model indicates forage surpl uses in most of the regions. 
Therefore , it appears that the limit in increased production seems to be 
the national herd size , degree of animal husbandry, extension work 
activities, and investment and distribution of livestock facilities. 
Increased investments in these inputs would help towards boosting live-
stock production in the country. 
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A P P E N D I C E S 
Appendix 1: 1979 Population Figures 1 (1,000) 
Nairobi: 835 ,000 
Central Province 
Kiambu: 
Kirinyaga: 
Muranga: 
Nyandarua: 
Nyeri: 
686,000 
295,000 
647,000 
233' 000 
487,000 
Eastern Province 
Embu: 
Isiolo: 
Kitui: 
262,000 
43,000 
464,000 
Machakos: 1,019,000 
Marsabit: 96,000 
Meru: 833,000 
Kisii: 
Kisurnu: 
Siaya: 
S/Nyanza: 
867,000 
480,000 
472,000 
815,000 
Western Province 
Bungoma: 503,000 
Busia: 300,000 
Kakamega: 1,033,000 
TOTAL: Kenya -- 15,322,000 
Coast Province 
Kilifi : 
Kwale: 
Mornbasa: 
Taita/Taveta: 
Tana River : 
428,000 
287' 000 
342 ' 000 
148,000 
92,000 
N. Eastern Province 
Garissa: 
Mandera: 
Wajir : 
Rift y~g~z 
Baringo: 
E/Marakwet: 
Kajiado: 
Kericho: 
La ikipia: 
Nakuru: 
Nandi: 
Narok: 
T/Nzoia: 
Samburu: 
Turkana: 
Uasin Gishu: 
W/Pokot: 
129,000 
105' 000 
139, 000 
Province 
203,000 
149 , 000 
149,000 
635,000 
134,000 
522,000 
293,000 
213,000 
260,000 . 
77' 000 
143 , 000 
304,000 
158,000 
1
weekly Review (November 30, 1979). Kenya census figures. 
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Appendix 2: Total Meat Demand 
TABLE 34 
TOTAL MEAT DEMAND (1,000 Kg.) 
Rural Areas Urban Centers 
Small Small 
Region Beef Stock Beef Stock 
One 2,416.1 8,554.2 
Two 355.2 1,257. 6 
Three 1,446. 7 5' 122 .l 577.6 255.0 
Four 829 . 6 1 , 244 . 4 669.9 295.8 
Five 50,176.8 17,884.8 6,318.4 2,082.2 
Six 31,258 . 6 10,276.8 28,914.6 5,863.8 
Seven 2,816 . 0 3,590.4 286 . 0 58.0 
Eight 2,209.0 2,491.0 
Nine 288.0 784.0 43 . 2 117 .6 
Ten 2,992.0 3,080.0 6,424.0 2,117.0 
* Export 10,315.0 
* Average for 196 7-74 (Heyer, 1·1aitha, and Senga 
1976). 
District II 
Baringo 61,958 
Tor kana 654 , 000 
W/Pokot 67 , 554 
E/Marakwet 80 ' 254 
Marsabit 8 , 135 
Wajir 
Mander a 
Isiolo 
Garis sa 
Tan a 
Tharaka 
Samburu 74 ,047 
Laikipia 4 , 422 
Appendix 3: Regional Forage (HA) Availability 
TABLE 35 
REGIONAL FORAGE AVAILABILITY (Livestock Units) 
Zone 
III IV v VI 
~~2!~~ ~~~ 
82 , 479 186,680 647 , 000 1,000 
8 , 000 61 , 300 353 , 900 2,150,9 15 
92,871 89,000 194,000 
13,352 
-- 107 ' 700 
~~2~~~ ~~ 
119 , 042 ( 1, 712' 813) 5, 372 , 000 
~~<a!~~ !'l.!E~~ 
4, 580,000 1 , 033,000 
45 , 000 2 , 602 , 000 
, 1 , 177 , 000 1 , 344,000 
3 , 595 , 000 244,000 
1,000 , 000 
446 , 301 
--
~~~!~~ ~~~E 
53,000 161, 6 19 1, 338 , 010 1 25,5 17 
60,450 481 , 805 107 , 000 
--
Tota l LU' s 
(1 , 259 , 374) 
( 310 ' 656) 
(1 , 028,000) 
(495 , 799) 
f-' 
0 
<.n 
TABLE 35--Continued 
Zone 
District II III IV v VI Total LU ' s 
~~2~~~ Five 
Nyanza 200 , 586 970 , 698 
W/Province 427,483 263,328 
Nandi 106,739 125' 800 
U/Gisho 116,399 
-- 20,560 10,000 
T/ Nzoia 22 ,181 177' 855 ( 2 , 198,040) 
~~9~~!: ~!~ 
C/Province 619 ' 534 260 , 094 46,300 2,000 
Ernbu 5 , 494 38 ,396 26 , 000 15 7 ' 796 
Meru 105' 46 7 84' 345 60 , 379 
Machakos 36 , 000 1 79 , 713 409 , 055 749 ,150 (1, 520 , 890) 
~<,1~9~ ~~~~12 
Narok 669 , 5 44 381 , 000 646 , 000 79 ' 000 
Kajiado 19, 759 2 1 , 000 744 , 000 1,270,794 (1, 962 ,000) 
~~'I~~~ ~~'1~!: 
Kitui 86 ' 263 151,785 2 ' 198,545 
Tan a 50 , 000 139,000 1,980,000 (449,421) 
~~2~~~ ~~~~ 
Lamu 107,564 265' 764 200 , 017 23 , 000 
Tan a 150 , 000 
-- -- --
Gari s sa 16,500 3,000 53 ,400 
-- (777 ,4 74) 
~ 
0 
"' 
District II III 
Kilij i 117, 236 548 , 933 
Kwale 97' 740 198,893 
Taita 17,600 7 , 000 
Tan a 180 ,000 54,000 
Nakuru 237 , 607 121, 000 
Laikipia 187,100 60 , 443 
Kericho 141, 115 189 , 000 
TABLE 35--Cont inued 
Zone 
IV v 
~~~~~~ !~~ 
242 , 000 271, 000 
370 ,000 113, 000 
100 '175 680,648 
-- --
~~'2~~~ ~~~~~~ 
256 , 637 
--
VI Total LU's 
( 1, 280 ,0 80 ) 
( 1, 002 , 963 ) 
.... 
0 
__, 
Appendix 4: Minimum Livestock Requirements 
TABLE 36 
MINIMUM LIVESTOCK REQUIREMENTS ( 1, 000 Head) 
Cattle 
> 3 Yrs. 2 - 3 Yrs. 
Region Bulls Cows M/S teers M/S teers Y/Steer s Calves 
One 46.65 37 5 . 15 51.22 85 . 56 134.82 192.60 
Two 4.0 32.54 3.56 6 .96 11.76 16.80 
Three 20 . 36 163 . 64 18 .07 23. 56 59.22 84.60 
Four 2 3. 76 244.18 10.64 41.84 98.40 137.76 
Five 54.18 1,120.39 75.09 262.88 493.92 679. 14 
Six 14 .05 562 . 00 -- 150.48 334 .40 39 3. 40 
Seven 46 .49 450.29 16.48 138. 76 183 .54 262 .20 
Eight 14.08 140 . 8 9.67 26 . 28 55 . 08 73.40 
Nine 1 2 . 62 1 55 . 98 16.32 24 . 38 77 .18 90.80 
Ten 4.26 76.38 11.84 32 . 24 46 . 08 57.60 
Eleven 8 . 56 318 . 20 57.00 222.40 264.52 295 . 64 
Males 
19.48 
4.12 
12 . 23 
3.90 
52 . 08 
24 . 49 
3.80 
4.50 
1. 60 
4.28 
20.09 
Small Stock 
Females 0 - 3 Yrs. 
487 .06 730.59 
127. 84 141.75 
305.70 458.56 
117. 07 175.61 
801.96 1, 228 . 97 
734. 82 11,022 . 20 
103. 6 0 188.70 
112 . 5 1 168. 78 
40 .00 60.00 
128. 25 209 . 47 
601.63 963.70 
'"" 0 
"' 
